(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1213 111 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.06.2002 Bulletin 2002/24 

(21) Application number: 01403165.2 

(22) Date of filing: 07.12.2001 



(51) mtci7: B29B 13/08, B29C 35/08, 
B29C 45/1 7, B29B 7/88, 
C08J 3/28, C08K 3/34, 
C08L 67/04 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Fujihira, Yuko, c/o Sony Corporation 




MC NL PT SE TR 




Shinagawa-ku, Tokyo (JP) 




Designated Extension States: 


• 


Noguchi, Tsutomu, c/o Sony Corporation 




AL LT LV MK RO SI 


• 


Shinagawa-ku, Tokyo (JP) 

Mori, Hiroyuki, c/o Sony Corporation 


(30) 


Priority: 07.12.2000 JP 2000372428 
07.12.2000 JP 2000372425 




Shinagawa-ku, Tokyo (JP) 




07.12.2000 JP 2000372426 


(74) 


Representative: Thevenet, Jean-Bruno et al 




07.12.2000 JP 2000372427 




Cabinet Beau de Lomenie 
158, rue de I'Universite 


(71) 


Applicant: SONY CORPORATION 
Tokyo (JP) 




75340 Paris Cedex 07 (FR) 



(54) Biodegradable resin material and method lor producing the same 



(57) Mica is incorporated into a biodegradable resin 
material comprised mainly of polylactic acid, for exam- 
ple, into polylactic acid which is an aliphatic polyester 
resin. It is desired to incorporate into polylactic acid mica 
and a carbodiimide compound as an additive for sup- 
pressing hydrolysis of polylactic acid. Further, the bio- 
degradable resin composition is subjected to aging by 



heating and desirably further using an electromagnetic 
wave or the like to suppress rapid lowering of the stor- 
age elastic modulus, and the biodegradable resin com- 
position is used as a material for household electric ap- 
pliances and housing materials. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a method for 
improving a biodegradable resin material in elastic mod- 
ulus and a product obtained by the method. More par- 
ticularly, the present invention is concerned with a bio- 
degradable resin composition obtained by adding natu- 
ral mica to a biodegradable resin material and irradiating 
the resultant mixture with a microwave for a predeter- 
mined time so that the biodegradable resin material is 
subjected to heat treatment, a housing material com- 
prising the biodegradable resin composition, and a 
method for improving a biodegradable resin material in 
elastic modulus. 

Description of Related Art 

[0002] "Used Household Appliances Recycling Law" 
has been enforced. However, part of electric appliances 
are not recovered or recycled but sometimes disposed 
of as incombustible waste. When a great number of 
electric appliances in a small size are on the market, 
they possibly cause a large amount of waste as a whole. 
Such waste poses a severe problem since places for 
disposal of waste lack now. 

[0003] As a common method for disposal of waste, 
there is a method in which waste is subjected to shred- 
der treatment. However, this shredder treatment merely 
reduces the volume of the waste, and, when the treated 
waste is buried, the waste remains for years as it is, and 
hence this treatment does not basically solve the prob- 
lem. In addition, the buried waste possibly adversely af- 
fects an ecosystem. When the shredder dust of appli- 
ances is recycled as a material, the following problem 
arises. All parts of the appliances are together shredded 
finely. Therefore, for example, valuable materials (e.g., 
copper) are disadvantageously mixed with invaluable 
materials, so that the purity of the valuable materials re- 
covered is lowered, causing the recovery effect to be 
lowered. 

[0004] For solving the above problem, first, there is a 
method in which the structure of an electric appliance is 
changed as follows. Housing and structure parts consti- 
tuting most of the body of an electric appliance are pro- 
duced from a biodegradable material, and an electric 
appliance is assembled by the biodegradable parts, and 
electronic parts, boards, and non-biodegradable parts 
by, for example, using screws or fitting. Thus, they can 
be easily separated from one another after use. By dis- 
assembling the electric appliance having such a struc- 
ture, the parts of the appliance can be divided into parts 
to be recycled and parts capable of being disposed of 
as they are, so that these parts can be treated separate- 
ly. 



[0005] The outermost surface portions of housings of, 
for example, radios, microphones, portable (hanging- 
on-the-neck-type) television sets, keyboards, Walkman 
(registered trademark), portable telephones, radio-cas- 

5 sette recorders, and earphones are produced from a bi- 
odegradable material. By producing the parts which are 
frequently contacted with human bodies from a biode- 
gradable material, there can be provided electric appli- 
ances having higher safety than that of electric appli- 

10 ances containing outermost parts produced from a syn- 
thetic resin. 

[0006] However, the types of the biodegradable ma- 
terials which can be used in such housings and structure 
materials for electric appliances are limited, and the ma- 

15 terials need to have required physical properties. First, 
the biodegradable material needs to meet a requirement 
such that it is not deformed even when being kept in an 
atmosphere at 60°C at a relative humidity of 80 % (% 
RH) for 100 hours. 

20 [0007] Currently, plastics having biodegradability (bi- 
odegradable resins) are roughly classified into three 
types according to the molecular skeleton, i.e., one hav- 
ing an aliphatic polyester resin, one having polyvinyl al- 
cohol, and one having polysaccharide. Here, the "bio- 

25 degradable plastic" is defined as a plastic which is de- 
composed after use by microorganisms in the natural 
world into a low molecular compound, eventually into 
water and carbon dioxide (Biodegradable Plastics So- 
ciety, ISO/TC-207/SC3). 

30 [0008] Among these biodegradable plastics ; aliphatic 
polyester resins (biodegradable polyester resins) gen- 
erally have a low melting temperature, and thus do not 
achieve physical properties suitable for practical molded 
articles, especially satisfactory heat resistance. There- 

35 fore, the aliphatic polyester resins have not been used 
in housings for electronic equipment and the like. As 
crystal nucleating agents for improving the biodegrada- 
ble resin in heat resistance and elastic modulus, phos- 
phoric acid nucleating agents and sorbitol nucleating 

40 agents are known. These agents are satisfactorily effec- 
tive to polypropylene, but the effect to biodegradable 
polyester resins is unsatisfactory. 
[0009] Biodegradable plastics, mainly aliphatic poly- 
ester resins begin to be utilized up to the present in ma- 

45 terials for agriculture, forestry, and fisheries (e.g., films, 
plant pots, fishing lines, and fishing nets), materials for 
civil engineering works (e.g., water retention sheets and 
plant nets), and the field of packaging and container 
(which are difficult to recycle due to the adhering earth 

50 and food). 

[0010] Biodegradable plastics including the above bi- 
odegradable polyester resins are required to have func- 
tions for use at the same level of that of conventional 
plastics, for example, high strength, excellent water re- 

55 sistance, excellent moldability, and excellent heat resist- 
ance, and further required to be rapidly decomposed af- 
ter being disposed of by microorganisms generally 
present in the natural world. 
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[001 1 ] An aliphatic polyester resin containing no spe- 
cial additive, which is the related art biodegradable plas- 
tic, is difficult to solely apply to household electric appli- 
ances and housing materials due to its poor mechanical 
properties. For example, polylacticacid has a glass tran- 
sition temperature [Tg; temperature at which the storage 
elastic modulus is lowered to about 1/1 0 to about 1/1 00 
of that at room temperature] of about 60°C. That is, the 
storage elastic modulus of polylactic acid is rapidly low- 
ered at 60°C or higher from about 1 x 1 0 9 Pa (at room 
temperature) to about 1 x 10 7 Pa. For this reason, poly- 
lactic acid is likely to suffer mechanical deformation. 
[0012] Thus, for example, when a housing made of 
polylactic acid is mechanically processed, an external 
force is exerted on the housing in a state such that the 
housing is heated by frictional heat and the like, and 
therefore the housing is likely to be deformed, causing 
a problem in that it is difficult to finish the housing in a 
desired shape. Further, there is also a problem in that a 
molded article made of polylactic acid suffers deforma- 
tion when subjected to aging at 60°C for 1 00 hours. 

SUMMARY OF THE INVENTION 

[0013] According to the present invention, there is 
provided a method for improving elastic modulus of a 
biodegradable resin composition, a housing material 
comprising the biodegradable resin composition, and a 
biodegradable resin material comprised mainly of a bi- 
odegradable resin by irradiating the biodegradable resin 
with an electromagnetic wave. 

[0014] According to the present invention, there is al- 
so provided a biodegradable resin composition which 
comprises synthetic mica as a crystal nucleating agent 
and an aliphatic polyester resin in an outer layer, a hous- 
ing material comprising the biodegradable resin compo- 
sition, a method for producing the biodegradable resin 
composition, and a method for improving the biodegrad- 
able resin composition in elastic modulus. 
[0015] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is characterized in thatthe method comprises irradiating 
the biodegradable resin material which is comprised 
mainly of a biodegradable resin with a microwave. As 
an example of the method of irradiating the material with 
a microwave, there can be mentioned a method in which 
the biodegradable resin material is injected into a mold 
by means of, for example, a melt-extruder to form an 
injection-molded product, and then the biodegradable 
resin material in theform of the injection-molded product 
in the mold is irradiated with a microwave. It is preferred 
that the time for the irradiation of the material with a mi- 
crowave is 1 to 10 minutes. 

[0016] Upon studying on the techniques for prevent- 
ing housings comprised of a biodegradable resin mate- 
rial for electronic equipment from suffering deformation 
by heating, the present inventor has found that, by irra- 
diating a housing made of polylactic acid with a micro- 



wave, the storage elastic modulus of the housing at the 
glass transition temperature of polylactic acid (60°C) or 
higher is increased from about 1 x 1 0 7 Pa to about 1 x 
10 9 Pa, and thus the present invention has been com- 
5 pleted. 

[0017] Specifically, it has been found that, for increas- 
ing the storage elastic modulus of a housing made of 
polylactic acid from about 1 x 1 0 7 Pa to about 1 x 1 0 8 
Pa, aging in an atmosphere at 80°C at a relative humid- 

10 ity of a general value for about 3 hours is needed, and 
that the storage elastic modulus is increased to about 1 
x 1 0 9 Pa by aging in an atmosphere at 80°C at a relative 
humidity of 80% for 15 minutes. However, it is confirmed 
that the storage elastic modulus of the above housing 

15 is increased to about 1 x 1 0 9 Pa by aging in which the 
housing is irradiated with a microwave by means of a 
microwave oven for a shorter time. 
[0018] Examples of biodegradable resins as de- 
scribed above include aliphatic polyester resins, and ex- 

20 amples of the aliphatic polyester resins include polylac- 
tic acid. 

[0019] It is preferred that the method for improving 
elastic modulus of the present invention is applied to a 
biodegradable resin material which contains an additive 

25 for suppressing hydrolysis, and, as the additive, a car- 
bodiimide compound is preferred. In addition, when the 
biodegradable resin is an aliphatic polyester resin, it is 
preferred that the additive is present in an amount of 0. 1 
to 2.0 % by weight, based on the weight of the aliphatic 

30 polyester resin. 

[0020] Further, it is preferred that the method for im- 
proving elastic modulus of the present invention is ap- 
plied to a biodegradable resin material which contains 
mica. As the mica, synthetic mica or natural mica can 

35 be used. As the natural mica, one obtained by granula- 
tion of natural mica using a resin binder is preferably 
used. It is preferred that the synthetic mica is present in 
an amount of 0.5 to 20.0 % by weight and the natural 
mica is present in an amount of 5.0 to 20.0 % by weight, 

40 based on the weight of the biodegradable resin. 

[0021] Generally, housings and structural members 
for electric appliances prepared by shaping by, for ex- 
ample, injection molding a biodegradable resin as such 
has only a low mechanical strength. Therefore, these 

45 are likely to suffer deformation during mechanical 
processing, and thus it has been difficult to produce 
housings and the like having desired forms and struc- 
tures in high yield. Further, even though the above hous- 
ings and the like suffer no deformation during mechan- 
ic ical processing, they have a drawback that they are like- 
ly to suffer deformation after being stored at a high tem- 
perature or when used at a high temperature. 
[0022] In contrast, in the method for improving elastic 
modulus of the present invention, a biodegradable resin 

55 material is irradiated with a microwave for an appropri- 
ate time to improve the mechanical strength (elastic 
modulus). The housings and structural members pro- 
duced from the biodegradable resin material irradiated 
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with a microwave are improved in size stability and form 
stability in high-temperature storage and unlikely to suf- 
fer warpage and change in size at high temperatures. 
[0023] The biodegradable resin composition of the 
present invention is characterized in that it comprises a 
biodegradable resin and natural mica. As the natural mi- 
ca, preferred is agglomerated mica obtained by granu- 
lation of natural mica using an acrylic resin, an epoxy 
resin, or a urethane resin as a binder. It is desired that 
the composition contains 5.0 to 30.0 % by weight of the 
natural mica, and that the natural mica has an average 
particle diameter of 15 to 140 jam Representative ex- 
amples of biodegradable resins include aliphatic poly- 
ester resins, and specific examples of the aliphatic pol- 
yester resins include polylactic acid. 
[0024] Generally, housings and structural members 
for electric appliances prepared by shaping by, for ex- 
ample, injection molding a biodegradable resin as such 
has only a low mechanical strength. Therefore, these 
are likely to suffer deformation during mechanical 
processing, and thus it has been difficult to produce 
housings and the like having desired forms and struc- 
tures in high yield. Further, even though the above hous- 
ings and the like suffer no deformation during mechan- 
ical processing, they have a drawbackthatthey are like- 
ly to suffer deformation after being stored at a high tem- 
perature or when used at a high temperature. 
[0025] In contrast, the biodegradable resin composi- 
tion of the present invention has incorporated thereinto 
natural mica as a component for reinforcing the biode- 
gradable resin. Therefore, the biodegradable resin ma- 
terial is improved in mechanical strength (elastic modu- 
lus), and thus also improved in size stability and form 
stability in high -temperature storage, so that housings 
and structural members produced from the biodegrad- 
able resin material are unlikely to suffer warpage and 
change in size at high temperatures. 
[0026] In the present invention, it is preferred that the 
biodegradable resin composition contains, in addition to 
natural mica, an additive for suppressing hydrolysis of 
the biodegradable resin. Preferred examples of the ad- 
ditives include carbodiimide compounds. It is desired 
that the additive is present in an amount of 0.1 to 2.0 % 
by weight, based on the weight of the aliphatic polyester 
resin. 

[0027] In addition, the housing material of the present 
invention is characterized in that it comprises a biode- 
gradable resin composition comprising a biodegradable 
resin and natural mica. It is preferred that the housing 
material further comprises an additive for suppressing 
hydrolysis of the biodegradable resin. As the biodegrad- 
able resin composition, any of the above-mentioned bi- 
odegradable resin compositions of the present invention 
can be used. 

[0028] Further, the method for improving a biodegrad- 
able resin material in elastic modulus of the present in- 
vention is characterized in that the method comprises 
adding natural mica to the biodegradable resin material 



which is comprised mainly of a biodegradable resin. It 
is preferred that the addition of the natural mica is con- 
ducted by kneading together at 150 to 200°Cthe biode- 
gradable resin material and the natural mica in an 

5 amount of 1 0.0 to 30.0 % by weight, based on the weight 
of the biodegradable resin material. 
[0029] The biodegradable resin composition of the 
present invention is characterized in that it comprises 
synthetic mica as a crystal nucleating agent and an 

10 aliphatic polyester resin. It is desired that the synthetic 
mica is present in an amount of 0.5 to 20.0 % by weight, 
based on the weight of the aliphatic polyester resin. As 
an example of the aliphatic polyester resin , there can be 
mentioned polylactic acid. It is preferred that the syn- 

15 thetic mica is non-swellable synthetic mica. It is pre- 
ferred that the synthetic mica has an average particle 
diameter of 1 to 1 0 urn. 

[0030] Generally, housings and structural members 
for electric appliances prepared by shaping by, for ex- 

20 ample, injection molding a biodegradable resin as such 
has only a low mechanical strength. Therefore, these 
are likely to suffer deformation during mechanical 
processing, and thus it has been difficult to produce 
housings and the like having desired forms and struc- 

25 tures in high yield. Further, even though the above hous- 
ings and the like suffer no deformation during mechan- 
ical processing, they have a drawbackthatthey are like- 
ly to suffer deformation after being stored at a high tem- 
perature or when used at a high temperature. 

30 [0031] In contrast, the biodegradable resin composi- 
tion of the present invention has incorporated thereinto 
synthetic mica as a component for reinforcing the bio- 
degradable resin. Therefore, the biodegradable resin 
material is improved in mechanical strength (elastic 

35 modulus), and thus also improved in size stability and 
form stability in high-temperature storage, so that hous- 
ings and structural members produced from the biode- 
gradable resin material are unlikely to suffer warpage 
and change in size at high temperatures. 

40 [0032] In the present invention, it is desired that the 
biodegradable resin composition further comprises an 
additive for suppressing hydrolysis of the biodegradable 
resin. As the additive for suppressing hydrolysis, a car- 
bodiimide compound is preferred. It is preferred that the 

^5 additive for suppressing hydrolysis is present in an 
amount of 0.1 to 2.0 % by weight, based on the weight 
of the aliphatic polyester resin. 

[0033] Further, in the present invention, it is preferred 
that the biodegradable resin composition further com- 

50 prises natural mica. It is preferred that the natural mica 
is present in an amount of 5.0 to 20.0 % by weight, based 
on the weight of the aliphatic polyester resin. 
[0034] Further, the housing material of the present in- 
vention is characterized in that it comprises a biodegrad- 

55 able resin composition comprising synthetic mica as a 
crystal nucleating agent and an aliphatic polyester resin. 
In this case, as the biodegradable resin composition, 
any of those mentioned above can be employed. 
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[0035] Further, the method for producing a biodegrad- 
able resin composition of the present invention is char- 
acterized in that it comprises a step of kneading together 
at 1 50 to 200°C an aliphatic polyester resin and synthet- 
ic mica in an amount of 0.5 to 20.0 % by weight, based 
on the weight of the aliphatic polyester resin. As an ex- 
ample of the aliphatic polyester resin, there can be men- 
tioned polylactic acid. 

[0036] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus is character- 
ized in that the method comprises a step of allowing the 
biodegradable resin composition which comprises syn- 
thetic mica as a crystal nucleating agent and an aliphatic 
polyester resin to stand for 30 to 180 seconds while 
heating at 80 to 130°C. In this case, as the biodegrad- 
able resin composition, any of those mentioned above 
can be employed. 

[0037] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus of the present 
invention is characterized in that the method comprises 
steps of injecting the biodegradable resin composition 
which comprises synthetic mica as a crystal nucleating 
agent and an aliphatic polyester resin into a mold to form 
an injection-molded product, and then heating the injec- 
tion-molded product in the mold at 80 to 130°Cfor30 to 
180 seconds. In this case, as the biodegradable resin 
composition, any of those mentioned above can be em- 
ployed. 

[0038] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus of the present 
invention is characterized in that the method comprises 
a step of injecting the biodegradable resin composition 
which comprises synthetic mica as a crystal nucleating 
agent and an aliphatic polyester resin in an outer layer 
into a mold whose inner surface is heated by radio fre- 
quency induction heating to form an injection-molded 
product, and then, a step of heating the injection-molded 
product in the mold at 80 to 130°Cfor30to 180 seconds. 
In this case, as the biodegradable resin composition, 
any of those mentioned above can be employed. 
[0039] The biodegradable resin composition of the 
present invention is characterized in that it comprises 
an aliphatic polyester resin, an organic nucleating 
agent, and natural mica. It is desired that the organic 
nucleating agent is at least one compound selected from 
the group consisting of an aliphatic carboxylic acid 
amide and an aliphatic carboxylic acid ester. It is pre- 
ferred that the natural mica is present in an amount of 
5.0 to 20.0 % by weight, based on the weight of the 
aliphatic polyester resin. It is preferred that the organic 
nucleating agent is present in an amount of 0.5 to 5.0 
% by weight, based on the weight of the aliphatic poly- 
ester resin. As a specific preferred example of the 
aliphatic polyester resin, there can be mentioned poly- 
lactic acid. 

[0040] Generally, housings and structural members 
for electric appliances prepared by shaping by, for ex- 
ample; injection molding a biodegradable resin as such 



has only a low mechanical strength. Therefore, these 
are likely to suffer deformation during mechanical 
processing, and thus it has been difficult to produce 
housings and the like having desired forms and struc- 
5 tures in high yield. Further, even though the above hous- 
ings and the like suffer no deformation during mechan- 
ical processing, they have a drawback that they are like- 
ly to suffer deformation after being stored at a high tem- 
perature or when used at a high temperature. 
[0041] In contrast, the biodegradable resin composi- 
tion of the present invention has incorporated thereinto 
an organic nucleating agent and natural mica as a com- 
ponent for reinforcing the biodegradable resin. There- 
fore, the biodegradable resin material is improved in me- 
chanical strength (elastic modulus), and thus also im- 
proved in size stability and form stability in high-temper- 
ature storage, so that housings and structural members 
produced from the biodegradable resin material are un- 
likely to suffer warpage and change in size at high tem- 
peratures. 

[0042] The biodegradable resin composition of the 
present invention is characterized in that it comprises 
an aliphatic polyester resin, an organic nucleating 
agent, natural mica, and an additive for suppressing hy- 
drolysis of the aliphatic polyester resin. As the additive 
for suppressing hydrolysis, a carbodiimide compound is 
preferred. It is preferred thatthe additive for suppressing 
hydrolysis is present in an amount of 0.1 to 2.0 % by 
weight, based on the weight of the aliphatic polyester 
resin. 

[0043] Further, the housing material of the present in- 
vention is characterized in that it comprises a biodegrad- 
able resin composition comprising an aliphatic polyester 
resin, an organic nucleating agent, and natural mica. In 
this case, as the biodegradable resin composition, any 
of those mentioned above can be employed. 
[0044] Further, the method for producing a biodegrad- 
able resin composition of the present invention is char- 
acterized in that it comprises a step of kneading together 
at 150to200°C an aliphatic polyester resin, natural mica 
in an amount of 5.0 to 20.0 % by weight, based on the 
weight of the aliphatic polyester resin, and an organic 
nucleating agent. 

[0045] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus of the present 
invention is characterized in thatthe method comprises 
a step of allowing the biodegradable resin composition 
which comprises an aliphatic polyester resin, an organic 
nucleating agent, and natural mica to stand for 30 to 1 80 
seconds while heating at 80 to 130°C. In this case, as 
the biodegradable resin composition, any of those men- 
tioned above can be employed. 

[0046] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus of the present 
invention is characterized in thatthe method comprises 
a step of injecting the biodegradable resin composition 
which comprises an aliphatic polyester resin, an organic 
nucleating agent, and natural mica into a mold (using, 
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Fig. 5 is a graph showing the relationship between 
the temperature and the storage elastic modulus 
with respect to each of the biodegradable resin 
composition obtained by incorporating synthetic mi- 

5 ca (MK-100) into polylactic acid (Lacty #9030) (Ex- 

amples), and polylactic acid (Lacty #9030) contain- 
ing no synthetic mica (Comparative Example); 
Fig. 6 is a graph showing the relationship between 
the temperature and the storage elastic modulus 

10 with respect to each of the biodegradable resin 
composition obtained by incorporating into polylac- 
tic acid an organic nucleating agent, natural mica, 
and an additive for suppressing hydrolysis of the 
polylactic acid (Examples 20 and 21 ), and polylactic 

15 acid containing no mica (Comparative Example 5); 

and 

Fig. 7 is a graph showing the relationship between 
the temperature and the storage elastic modulus 
with respect to each of the biodegradable resin 
20 composition obtained by incorporating into polylac- 
tic acid an organic nucleating agent, natural mica, 
and an additive for suppressing hydrolysis of the 
polylactic acid (Examples 22 and 23), and polylactic 
acid containing no mica (Comparative Example 5). 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



for example, an extruder) to form an injection-molded 
product, and then , a step of heating the injection-molded 
product in the mold at 80 to 1 30°C for 30 to 1 80 seconds. 
In this case, as the biodegradable resin composition, 
any of those mentioned above can be employed. 
[0047] Further, the method for improving a biodegrad- 
able resin composition in elastic modulus of the present 
invention is characterized in that the method comprises 
a step of injecting the biodegradable resin composition 
comprises an aliphatic polyester resin, an organic nu- 
cleating agent, and natural mica into a mold whose inner 
surface is heated by radio frequency induction heating 
to form an injection-molded product, and then, a step of 
heating the injection-molded product in the mold at 80 
to 1 30°C for 30 to 1 80 seconds. In this case, as the bi- 
odegradable resin composition, any of those mentioned 
above can be employed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0048] The above and other objects, features and ad- 
vantages of the present invention will become more ap- 
parent from the following description of the presently 
preferred exemplary embodiments of the invention tak- 
en in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a graph showing the relationship between 
the temperature and the storage elastic modulus 
with respect to each of the biodegradable resin ma- 
terial comprised mainly of polylactic acid in Exam- 
ple of the present invention and that in Comparative 
Example; 

Fig. 2 is a graph showing the relationship between 
the temperature and the storage elastic modulus 
with respect to each of the biodegradable resin 
composition of the present invention (Examples), 
which is obtained by incorporating powdery natural 
mica into polylactic acid (H100J), and the biode- 
gradable resin containing no natural mica (Compar- 
ative Example); 

Fig. 3 is a graph showing the relationship between 
the temperature and the storage elastic modulus 
with respect to each of the biodegradable resin 
composition of the present invention (Examples), 
which is obtained by incorporating powdery natural 
mica into polylactic acid (H100J), and the biode- 
gradable resin containing no natural mica (Compar- 
ative Example); 

Fig. 4 is a graph showing the relationship between 
the temperature and the storage elastic modulus af- 
ter aging at 120°C for 60 seconds with respect to 
each of the biodegradable resin composition of the 
present invention (Example), which is obtained by 
incorporating powdery synthetic mica (MK-1 00) into 
polylactic acid (H1 00J), and polylactic acid (H1 00J) 
containing no synthetic mica (Comparative Exam- 
ple); 



[0049] In the present invention, a biodegradable resin 
30 material comprised mainly of a biodegradable resin is 
irradiated with a microwave, or a biodegradable resin 
material comprised mainly of a biodegradable resin is 
injected into a mold to form an injection-molded product, 
and then the biodegradable resin material in the form of 
35 the injection-molded product in the mold is irradiated 
with a microwave. 

[0050] The irradiation of the material with a micro- 
wave generated from a magnetron vacuum tube is con- 
ducted for 1 to 1 0 minutes, preferably for 2 to 5 minutes. 

40 it is preferred that the biodegradable resin material used 
in the present invention is comprised mainly of an 
aliphatic polyester resin having excellent moldability 
and excellent heat resistance as well as excellent im- 
pact resistance, especially among the biodegradable 

45 resins capable of being metabolized by microorgan- 
isms. 

[0051] As examples of the aliphatic polyester resin, 
there can be mentioned polylactic acid-based aliphatic 
polyester resins, and specific examples include poly- 

50 mers and copolymers of an oxy-acid or oxy-acids, such 
as lactic acid, malic acid, or/and gluconic acid, and par- 
ticularly include hydroxycarboxylic acid-based aliphatic 
polyester resins, such as polylactic acid. 
[0052] The polylactic acid-based aliphatic polyester 

55 resin can generally be obtained by a ring-opening po- 
lymerization of a lactide which is a cyclic diester or the 
corresponding lactone, i.e., a so-called lactide method, 
or by a method in which lactic acid is directly subjected 
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to dehydration -condensation (lactic acid direct dehydra- 
tion-condensation method). 

[0053] Examples of catalysts for use in producing the 
polylactic acid-based aliphatic polyester resin include a 
tin compound, an antimony compound, a zinc com- 
pound, atitanium compound, an iron compound, and an 
aluminum compound. Among these compounds, pre- 
ferred are a tin catalyst and an aluminum catalyst, and 
especially preferred are tin octylate and aluminum 
acetyl acetate. 

[0054] Among the polylactic acid-based aliphatic pol- 
yester resins, one that is obtained by lactide ring-open- 
ing polymerization is hydrolyzed by microorganisms into 
poly(L-form lactic acid), eventually into L-form lactic ac- 
id. L-form lactic acid is confirmed to be safe to human 
body, and hence the aliphatic polyester resin comprised 
of L-form lactic acid is preferred. However, the polylactic 
acid-based aliphatic polyester resin used in the present 
invention is not limited to this resin, and therefore the 
lactide used in the production of the resin is not limited 
to the L-form lactide. 

[0055] As the additive for suppressing hydrolysis of 
the above-mentioned biodegradable aliphatic polyester 
resin used in the present invention, a compound having 
reactivity to a carboxylic acid and a hydroxyl group 
which are the terminal functional groups of a polyester 
resin, for example, a carbodiimide compound, an isocy- 
anate compound ! and an oxazoline compound can be 
used, and especially preferred is a carbodiimide com- 
pound since it can be well meld-kneaded with polyester 
and suppress hydrolysis even in a small amount. 
[0056] As the carbodiimide compound having at least 
one carbodiimide group per molecule (including a poly- 
carbodiimide compound), for example, there can be 
mentioned ones which can be synthesized by, using an 
organophosphorus compound or an organometal com- 
pound as a catalyst, subjecting an isocyanate polymer 
to decarboxylation-condensation reaction in the ab- 
sence of a solvent or in an inert solvent at about 70°C 
or higher. 

[0057] Examples of monocarbodiimide compounds 
contained in the above carbodiimide compound include 
dicyclohexylcarbodiimide, diisopropylcarbodiimide, 
dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl- 
carbodiimide, diphenylcarbodiimide, and naphthylcar- 
bodiimide. Of these, preferred are dicyclohexylcarbodi- 
imide and diisopropylcarbodiimide especially from the 
viewpoint of the commercial availability. 
[0058] The carbodiimide compound can be mixed (in- 
corporated) into a biodegradable plastic by melt-knead- 
ing using an extruder. The biodegradation rate of the bi- 
odegradable plastic used in the present invention can 
be adjusted by changing the type and amount of the car- 
bodiimide compound incorporated, and hence, the type 
and amount of the carbodiimide compound are deter- 
mined according to the desired product. 
[0059] In the present invention, it is preferred that mi- 
ca is further contained, and examples of mica include 



synthetic mica and natural mica. The synthetic mica is 
fluorine-containing mica obtained from talc as a raw ma- 
terial, and this mica is classified into swellable mica and 
non-swellable mica according to its behavior relative to 
5 water. The non-swellable synthetic mica is potassium- 
based fluorine mica in the form of fine powder having 
properties close to those of natural mica, and it has high 
heat resistance due to the fluorine contained, as com- 
pared to natural mica. In contrast, the swellable mica is 
10 sodium-based fluorine mica in the form of fine powder, 
and has properties such that it absorbs moisture in air 
to swell and then undergoes cleavage into fine ones. 
Further, the swellable mica has not only an ability to form 
a colloid and a film but also an ability to form a compos- 
es ite. It is desired that the synthetic mica used in the 
present invention is non-swellable synthetic mica. On 
the other hand, as natural mica, there is generally used 
one obtained by granulation of natural mica using a resin 
binder. 

20 [0060] Next, the present invention will be described 
with reference to the following Examples and Compar- 
ative Examples. First, the methods for measuring a stor- 
age elastic modulus and a glass transition temperature 
(Tg) are described below. 

25 [0061] Measuring apparatus: Viscoelasticity analyz- 
er, manufactured and sold by Rheometric Scientific Inc. 

Specimen size: length: 50 mm x width: 7 mm x 
thickness: 1 mm 
30 Frequency: 6.28 (rad/s) 

Starting temperature in measurement: 0°C 
End temperature in measurement: 160°C 
Heating rate: 5°C/min 
Strain: 0.05 % 

35 

Comparative Example 1 

[0062] As shown in Fig. 1 , in the measurement of the 
elastic modulus in flexure with respect to the specimen 

40 prepared from Lacea H1 00J (manufactured and sold by 
Mitsui Chemicals Co., Ltd.) which is polylactic acid, the 
storage elastic modulus E' was rapidly lowered at 
around the glass transition temperature Tg (60°C) of 
polylactic acid, and reached the minimum value at about 

45 100°C. Then, the storage elastic modulus rapidly rose, 
and exhibited an almost constant value in a range of 
about 120 to 140°C. 

Example 1 

50 

[0063] Lacea H1 00J was subjected to aging for 3 min- 
utes by irradiation with a microwave (microwave oven) 
generated from a magnetron vacuum tube, and, as a 
result, the storage elastic modulus of the specimen was 
55 considerably increased. Specifically, differing from 
Comparative Example 1, rapid lowering of the storage 
elastic modulus at around the Tg (60°C) of polylactic ac- 
id was not observed, and the storage elastic modulus at 
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up to about 1 60°C exhibited an almost constant value. 
Example 2 

[0064] Substantially the same treatment as that con- 
ducted in Example 1 was repeated except that 1 % by 
weight of Carbodilite HMV-1 OB (manufactured and sold 
by Nisshinbo Industries, Inc.) was added to Lacea 
H100J as an additive for suppressing hydrolysis. As a 
result, the storage elastic modulus of the specimen was 
considerably increased. 

Example 3 

[0065] To Lacea H1 00J was added 1 % by weight of 
non-swellable synthetic mica MK-100 (manufactured 
and sold by CO-OP CHEMICAL CO., LTD.) and mixed 
together, and then melt-blended by means of a single- 
screw kneader set at 1 80°C and the resultant composi- 
tion was pelletized, followed by hot-pressing by means 
of a hot pressing machine set at 1 70°C, thus preparing 
a plate material having a thickness of 1 mm. Then, a 
specimen cut out from the prepared plate material was 
subjected to aging for 2.5 minutes by irradiation with a 
microwave in substantially the same manner as in Ex- 
ample 1 , and then, a storage elastic modulus was meas- 
ured with respect to the resultant specimen. As a result, 
as shown in Fig. 1 , rapid lowering of the storage elastic 
modulus of the specimen at around the Tg (60°C) of 
polylactic acid was not observed, and the storage elastic 
modulus in the range of about 70 to about 160°C was 
considerably increased and exhibited an almost con- 
stant value. 

Example 4 

[0066] To Lacea H1 00J were added 1 % by weight of 
Carbodilite HMV-1 0B as an additive for suppressing hy- 
drolysis and 1 % by weight of non-swellable synthetic 
mica MK-1 00 and mixed together, and then melt-blend- 
ed by means of a single-screw kneader set at 180°C 
and the resultant composition was pelletized, followed 
by hot-pressing by means of a hot pressing machine set 
at 1 70°C, thus preparing a plate material having a thick- 
ness of 1 mm. Then, a specimen cut out from the pre- 
pared plate material was subjected to aging for 2.5 min- 
utes by irradiation with a microwave in substantially the 
same manner as in Example 1 , and then, a storage elas- 
tic modulus was measured with respect to the resultant 
specimen. As a result, the storage elastic modulus of 
the specimen was considerably increased. 

Example 5 

[0067] To Lacea H1 00 J were added 1 % by weight of 
Carbodilite HMV-1 0B as an additive for suppressing hy- 
drolysis and 1 0 % by weight of natural mica 41 PU (con- 
taining 0.8 % of an urethane resin binder; manufactured 



and sold by Yamaguchi Mica Industry Co., Ltd.) and 
mixed together, and then melt-blended by means of a 
single-screw kneader set at 1 80°C and the resultant 
composition was pelletized, followed by hot-pressing by 
5 means of a hot pressing machine set at 170°C, thus pre- 
paring a plate material having a thickness of 1 mm. 
Then, a specimen cut out from the prepared plate ma- 
terial was subjected to aging for 3 minutes by irradiation 
with a microwave in substantially the same manner as 
in Example 1 , and then, a storage elastic modulus was 
measured with respect to the resultant specimen. As a 
result, the storage elastic modulus of the specimen was 
considerably increased. 

[0068] In each of the above Examples, also when a 
pelletized biodegradable resin material was injected into 
a mold to form an injection-molded product, and then 
the biodegradable resin material in the form of the injec- 
tion-molded product in the mold was irradiated with a 
microwave, the storage elastic modulus of the material 
was considerably increased. 

[0069] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, a biodegradable resin material comprised mainly 
of a biodegradable resin is irradiated with a microwave. 
Therefore, the elastic modulus of the biodegradable res- 
in material can be improved by a simple and convenient 
apparatus or process. As a result, the mechanical 
strength of the biodegradable resin material is in- 
creased, so that not only be the resin material unlikely 
to suffer deformation and warpage during mechanical 
processing, but also the resin material is improved in 
dimensional stability. For example, when the biodegrad- 
able resin material is comprised mainly of an aliphatic 
polyester resin, the storage elastic modulus (elastic 
modulus in flexure) of the resin material at 80°C is in- 
creased from about 1 x 10 7 Pa to about 1 x 10 9 Pa. In 
addition, the biodegradable resin material improved in 
storage elastic modulus suffers no deformation even in 
an aging test at 80°C at 80 % RH for 1 00 hours. There- 
fore, the biodegradable resin material improved in stor- 
age elastic modulus by the method of the present inven- 
tion can be used as a material effective for producing 
housings having a satisfactory mechanical strength for 
household electric appliances and electronic equip- 
ment. 

[0070] Further, in molded articles, such as housings, 
comprising the biodegradable resin material improved 
in storage elastic modulus by the method of the present 
invention, there are many waste disposal methods, and, 
even when used articles are disposed of as such, they 
cannot remain as waste for a long term and do not de- 
terioratethe sight at which they are placed. Alternatively, 
they can be recycled as a material like general resins. 
Further, the biodegradable resin material in the present 
invention does not contain an injurious substance, such 
as a heavy metal or an organochlorine compound. 
Therefore, there is no danger that the biodegradable 
resin material generates an injurious substance after 
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being disposed of or when incinerated. Furthermore, 
when the biodegradable resin constituting the biode- 
gradable resin material is produced from grain resourc- 
es as a raw material , the material also has an advantage 
in that it need not use resources being exhausted in- 
cluding petroleum. 

[0071] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, a biodegradable resin material comprised mainly 
of a biodegradable resin is injected into a mold to form 
an injection-molded product, and then the biodegrada- 
ble resin material in the form of the injection-molded 
product in the mold is irradiated with a microwave. 
Therefore, the elastic modulus of the biodegradable res- 
in material can be improved by a simple apparatus or 
process. 

[0072] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, the time forthe irradiation of the biodegradable res- 
in material with a microwave may be 1 to 10 minutes. 
When thetimeforthe irradiation isshorterthan 1 minute, 
the effect of improving the elastic modulus is unsatisfac- 
tory. On the other hand, when the time for the irradiation 
exceeds 10 minutes, the biodegradable resin material 
is heated to an excess extent and may suffer heat de- 
terioration and thermal decomposition. 
[0073] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to an aliphatic polyester resin. In the present 
invention, the biodegradable resin is an aliphatic poly- 
ester resin. Therefore, the biodegradable resin material 
improved in elastic modulus by the method of the 
present invention can be widely used not only in hous- 
ings for household electric appliances and electronic 
equipment but also in materials for agriculture, forestry, 
and fisheries, materials for civil engineering works, and 
the field of packaging and container. 
[0074] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to polylactic acid. Therefore, the method of 
the present invention has an advantage in that the hy- 
drolysis product of the biodegradable resin material is 
especially highly safe. 

[0075] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material containing 
an additive for suppressing hydrolysis of the biodegrad- 
able resin. For this reason, by determining the type and 
amount of the additive for suppressing hydrolysis ac- 
cording to the application and properties of molded ar- 
ticles (products) to be produced from the biodegradable 
resin material, there can be provided a material for shap- 
ing comprised of a biodegradable resin material that 
meets various demands. Further, by incorporating into 
the resin material the above-mentioned additive for sup- 
pressing hydrolysis in an appropriate amount, the resin 
material is improved in chemical stability, for example, 
weathering resistance, light resistance, and heat resist- 



ance. 

[0076] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material containing, 

5 as the additive for suppressing hydrolysis, a carbodiim- 
ide compound which exhibits a remarkable effect only 
in a small amount. For this reason, by determining the 
type and amount of the carbodiimide compound accord- 
ing to the application and properties of molded articles 

10 (products) to be produced from the biodegradable resin 
material, there can be provided a material for shaping 
comprised of a biodegradable resin material that meets 
various demands. 

[0077] The method for improving a biodegradable 

15 resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material wherein the 
additive for suppressing hydrolysis of the aliphatic pol- 
yester resin is present in an amount of 0.1 to 2.0 % by 
weight, based on the weight of the aliphatic polyester 

20 resin. Therefore, not only be the effect of improving the 
resin material in elastic modulus at high temperatures 
especially remarkable, but also the resin material is im- 
proved in chemical stability, for example, weathering re- 
sistance, light resistance, and heat resistance. In addi- 

25 tion, the compatibility between the aliphatic polyester 
resin as the biodegradable resin and the above-men- 
tioned additive is enhanced, so that the mixing state of 
the material becomes stable. When the amount of the 
additive is less than 0.1 % by weight, the effect aimed 

30 at by addition of the additive is unsatisfactory, and, even 
when the amount of the additive exceeds 2.0 % by 
weight, the hydrolysis resistance effect is not further in- 
creased. 

[0078] The method for improving a biodegradable 
35 resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material containing 
mica; the method for improving elastic modulus of the 
present invention is also applied to the biodegradable 
resin material wherein the mica is synthetic mica; and 
40 the method for improving elastic modulus of the present 
invention is also applied to the biodegradable resin ma- 
terial wherein the mica is natural mica. The mica serves 
as a crystal nucleating agent forthe biodegradable resin 
to improve the resin in elastic modulus. Therefore, by 
45 these inventions, an especially remarkable effect of im- 
proving elastic modulus can be obtained. 
[0079] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material wherein the 
50 synthetic mica is present in an amount of 0.5 to 20.0 % 
by weight, based on the weight of the biodegradable res- 
in. Therefore, an effect of considerably improving the 
elastic modulus can be obtained due to the addition of 
the synthetic mica as well as the irradiation of the ma- 
ss terial with a microwave. When the amount of the syn- 
thetic mica is less than 0.5 % by weight, the effect of 
improving the elastic modulus aimed at by addition of 
the synthetic mica is unsatisfactory. On the other hand, 
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when the amount of the synthetic mica exceeds 20.0 % 
by weight, the synthetic mica is difficult to be uniformly 
incorporated (uniformly kneaded) into the biodegrada- 
ble resin, so that the effect of improving the elastic mod- 
ulus is not further increased, and a molded article pre- 
pared from the resultant biodegradable resin material 
disadvantageously has a surface with poor smooth- 
ness. 

[0080] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is applied to a biodegradable resin material wherein the 
natural mica is present in an amount of 5.0 to 20.0 % by 
weight, based on the weight of the biodegradable resin. 
Therefore, an effect of considerably improving the elas- 
tic modulus can be obtained due to the addition of the 
natural mica as well as the irradiation of the material with 
a microwave. When the amount of the natural mica is 
less than 5.0 % by weight, the effect of improving the 
elastic modulus aimed at by addition of the natural mica 
is unsatisfactory. On the other hand, when the amount 
of the natural mica exceeds 20 % by weight, the natural 
mica is difficult to be uniformly incorporated (uniformly 
kneaded) into the biodegradable resin ; so that the effect 
of improvingthe elastic modulus is notfurther increased, 
and a molded article prepared from the resultant biode- 
gradable resin material disadvantageously has a sur- 
face with poor smoothness. 

[0081] Next, the present invention will be described in 
more detail. As examples of the biodegradable plastic 
(biodegradable resin) constituting the biodegradable 
resin composition of the present invention, there can be 
mentioned polyester resins capable of being metabo- 
lized by microorganisms, and, of these, preferred are 
aliphatic polyester resins having excellent moldability 
and excellent heat resistance as well as excellent im- 
pact resistance. 

[0082] For example, when natural mica in an appro- 
priate amount is incorporated into polylactic acid which 
is a biodegradable resin, the storage elastic modulus of 
polylactic acid at 60°C or higher is increased from about 
1 X 1 0 7 Pa to about 1 X 1 0 8 Pa. 

[0083] As examples of the aliphatic polyester resin, 
there can be mentioned polylactic acid-based aliphatic 
polyester resins, and specific examples include poly- 
mers and copolymers of an oxy-acid or oxy-acids, such 
as lactic acid, malic acid, or/and gluconic acid, and par- 
ticularly include hydroxycarboxylic acid-based aliphatic 
polyester resins, such as polylactic acid. 
[0084] The polylactic acid-based aliphatic polyester 
resin can generally be obtained by a ring-opening po- 
lymerization of a lactide which is a cyclic diester or the 
corresponding lactone, i.e., a so-called lactide method, 
or by a method in which lactic acid is directly subjected 
to dehydration-condensation (lactic acid direct dehydra- 
tion-condensation method). 

[0085] Examples of catalysts for use in producing the 
polylactic acid-based aliphatic polyester resin include a 
tin compound, an antimony compound, a zinc com- 



pound, a titanium compound, an iron compound, and an 
aluminum compound. Among these compounds, pre- 
ferred are a tin catalyst and an aluminum catalyst, and 
especially preferred are tin octylate and aluminum 

5 acetyl acetate. 

[0086] Among the polylactic acid-based aliphatic pol- 
yester resins, one that is obtained by lactide ring-open- 
ing polymerization is hydrolyzed by microorganisms into 
poly(L-form lactic acid), eventually into L-form lactic ac- 

10 id. L-form lactic acid is confirmed to be safe to human 
body, and hence the aliphatic polyester resin comprised 
of L-form lactic acid is preferred. However, the polylactic 
acid-based aliphatic polyester resin used in the present 
invention is not limited to this resin, and therefore the 

15 lactide used in the production of the resin is not limited 
to the L-form lactide. 

[0087] As the additive for suppressing hydrolysis of 
the above-mentioned biodegradable polyester resin, a 
compound having reactivity to a carboxylic acid and a 

20 hydroxyl group which are the terminal functional groups 
of a polyester resin, for example, a carbodiimide com- 
pound, an isocyanate compound, and an oxazoline 
compound can be used, and especially preferred is a 
carbodiimide compound since it can be well meld- 

25 kneaded with the polyester resin and suppress hydrol- 
ysis even in a small amount. 

[0088] As the carbodiimide compound having at least 
one carbodiimide group per molecule (including a poly- 
carbodiimide compound), for example, there can be 

30 mentioned ones which can be synthesized by, using an 
organophosphorus compound or an organometal com- 
pound as a catalyst, subjecting an isocyanate polymer 
to decarboxylation-condensation reaction in the ab- 
sence of a solvent or in an inert solvent at about 70°C 

35 or higher. 

[0089] Examples of monocarbodiimide compounds 
contained in the above carbodiimide compound include 
dicyclohexylcarbodiimide, diisopropylcarbodiimide, 
dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl- 

40 carbodiimide, diphenylcarbodiimide, and naphthylcar- 
bodiimide. Of these, preferred are dicyclohexylcarbodi- 
imide and diisopropylcarbodiimide especially from the 
viewpoint of the commercial availability. 
[0090] The carbodiimide compound can be mixed (in- 

45 corporated) into a biodegradable plastic by melt-knead- 
ing using an extruder. The biodegradation rate of the bi- 
odegradable plastic used in the present invention can 
be adjusted by changing thetype and amount of the car- 
bodiimide compound incorporated, and hence, thetype 

50 and amount of the carbodiimide compound are deter- 
mined according to the desired product. 
[0091] Next, the present invention will be described 
with reference to the following Examples and Compar- 
ative Examples. In the following Examples, natural mica 

55 was added to polylactic acid containing no additive to 
increase the storage elastic modulus of polylactic acid. 
Figs. 2 and 3 are graphs individually showing the rela- 
tionship between the temperature and the storage elas- 
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tic modulus with respect to each of the biodegradable 
resin composition obtained by incorporating natural mi- 
ca in the form of powder into polylactic acid (H1 00J) (Ex- 
amples) and the biodegradable resin containing no such 
natural mica (Comparative Example). 
[0092] First, the methods for measuring a storage 
elastic modulus and a glass transition temperature (Tg) 
are described below. The methods are the same as 
those mentioned above. 

Measuring apparatus: Viscoelasticity analyzer, 
manufactured and sold by Rheometric Scientific 
Inc. 

Specimen size: length: 50 mm x width: 7 mm x 

thickness: 1 mm 

Frequency: 6.28 (rad/s) 

Starting temperature in measurement: 0°C 

End temperature in measurement: 160°C 

Heating rate: 5°C/min 

Strain: 0.05 % 

Comparative Example 2 

[0093] As shown in Fig. 2, in the measurement of the 
elastic modulus in flexure with respect to the specimen 
[corresponding to H1 00J (Ref) shown in Fig. 2] prepared 
from Lacea H100J (manufactured and sold by Mitsui 
Chemicals Co., Ltd.), which is polylactic acid and con- 
tains no natural mica, the storage elastic modulus E' 
was rapidly lowered at around the glass transition tem- 
perature Tg (60°C) of polylactic acid, and reached the 
minimum value at about 1 00°C. Then, the storage elas- 
tic modulus rapidly rose, and exhibited an almost con- 
stant value in the range of about 120 to 140°C. 

Example 6 

[0094] By adding to Lacea H100J 10 % by weight of 
agglomerated mica powder 41 PU5 having a particle di- 
ameter of 40 to 50^m (containing 0.8 % by weight of an 
urethane resin binder; manufactured and sold by 
Yamaguchi Mica Industry Co., Ltd.), which was obtained 
by granulation of natural mica, (corresponding to H100J 
+ 41 PU5-1 0% shown in Fig. 2), a considerable increase 
was observed in the storage elastic modulus E 1 of the 
specimen. In this Example, to Lacea H1 00J was added 
1 0 % by weight of agglomerated mica powder 41 PU5, 
and then melt-blended by means of a single-screw 
kneader set at 1 80°C and the resultant composition was 
pelletized, followed by hot-pressing by means of a hot 
pressing machine set at 170°C, thus preparing a plate 
material having a thickness of 1 mm. Then, a storage 
elastic modulus was measured with respect to the spec- 
imen cut out from the prepared plate material . The stor- 
age elastic modulus of this specimen was lowered at 
around the Tg of polylactic acid, but rapid lowering was 
not observed, as compared to that of the specimen con- 
taining no agglomerated mica powder. 



Example 7 

[0095] Like in Example 6, by adding to Lacea H1 00J 
20 % by weight of agglomerated mica powder 41 PU5 
5 having a particle diameter of 40 to 50(am (corresponding 
to H100J + 41 PU5-20% shown in Fig. 2), a considerable 
increase was observed in the storage elastic modulus 
E'. The storage elastic modulus of this specimen was 
lowered at around the Tg of polylactic acid, but rapid 
lowering was not observed, as compared to that of the 
specimen containing no agglomerated mica powder. 
When the amount of the agglomerated mica powder 
41 PU5 added is increased to more than 20 % by weight, 
a similar increase in the storage elastic modulus is ob- 
served . but it is difficult to knead the mica with Lacea 
H100J, and pellets obtained from the resultant kneaded 
mixture have rough surfaces, so that a molded article 
produced from the pellets has a surface with poor 
smoothness. Therefore, it is preferred that the amount 
of the agglomerated mica powder added is not more 
than 20 % by weight. 

Example 8 

[0096] To polylactic acid containing no additive were 
added 10 % by weight of agglomerated mica powder 
41 PU5 and 2 % by weight of Carbodilite HMV-1 0B (man- 
ufactured and sold by Nisshinbo Industries, Inc.) as an 
additive for suppressing hydrolysis, and then melt- 
blended by means of a twin-screw kneader set at 1 70°C 
and the resultant composition was pelletized, followed 
by hot-pressing by means of a hot pressing machine set 
at 1 70°C, thus preparing a plate material having a thick- 
ness of 1 mm. Then, a storage elastic modulus was 
measured with respect to the specimen cut out from the 
prepared plate material (corresponding to H100J + 
41PU5-10% + HMV-1 OB-2% shown in Fig. 2). In this 
specimen, the hydrolysis of polylactic acid was sup- 
pressed due to addition of Carbodilite, and further, the 
storage elastic modulus at 100°C or higher was in- 
creased. 

Example 9 

[0097] To polylactic acid containing no additive were 
added 10 % by weight of agglomerated mica powder 
41PU5 and 0.5 % by weight of Carbodilite HMV-1 0B 
(manufactured and sold by Nisshinbo Industries, Inc.) 
as an additive for suppressing hydrolysis, and then melt- 
blended to prepare a composition, and a storage elastic 
modulus was measured in substantially the same man- 
ner as in Example 8. Like in Example 8, the hydrolysis 
of polylactic acid could be suppressed due to addition 
of Carbodilite, and further, the storage elastic modulus 
at 1 00°C or higher was increased. 
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Example 1 0 

[0098] Like in Example 6, by adding to Lacea H100J 
1 0 % by weight of agglomerated mica powder 41 PU5 
having a particle diameter of 17 to 24 (xm (corresponding 5 
to H100J + 21 PU5-10% shown in Fig. 3), a considerable 
increase was observed in the storage elastic modulus. 
The storage elastic modulus of this specimen was low- 
ered at around the Tg of polylactic acid, but rapid low- 
ering was not observed, as compared to that of the spec- 10 
imen containing no agglomerated mica powder. 

Example 11 

[0099] By adding to Lacea H100J 10 % by weight of 15 
agglomerated mica powder 21 PA having a particle di- 
ameter of 1 7 to 24 Lim (containing 0.8 % by weight of an 
acrylic resin binder; manufactured and sold by 
Yamaguchi Mica Industry Co., Ltd.), which was obtained 
by granulation of natural mica, a considerable increase 20 
was observed in the storage elastic modulus E'. The 
storage elastic modulus of this specimen was lowered 
at around the Tg of polylactic acid, but rapid lowering 
was not observed, as compared to that of the specimen 
containing no agglomerated mica powder. 25 
[0100] By virtue of incorporating natural mica, the bi- 
odegradable resin composition of the present invention 
is improved in mechanical strength, so that not only be 
the composition unlikely to suffer deformation and warp- 
age during mechanical processing, but also the compo- so 
sition is improved in dimensional stability. Therefore, 
from the biodegradable resin composition of the present 
invention, there can be provided a materialfor producing 
housings having a satisfactory mechanical strength for 
household electric appliances and electronic equip- 35 
ment. In addition, natural mica is a natural mineral, and 
it has no danger that it generates an injurious material, 
and further it is inexpensive and easily available. Thus, 
the biodegradable resin composition of the present in- 
vention can be produced at low cost. 40 
[0101] The biodegradable resin composition of the 
present invention has incorporated thereinto, as the nat- 
ural mica, agglomerated mica obtained by granulation 
of natural mica using an acrylic resin, an epoxy resin, or 
a urethane resin as a binder. The biodegradable resin 45 
and the agglomerated mica are efficiently kneaded and 
shaped by means of an injection molding machine or an 
extruder, and thus the agglomerated mica can be easily 
uniformly incorporated into the biodegradable resin, 
thus making it possible to provide a biodegradable resin 50 
composition having uniform properties. 
[0102] In the biodegradable resin composition of the 
present invention, the amount of the natural mica is 5.0 
to 30.0 % by weight. Therefore, not only can an effect 
of considerably improving the elastic modulus be ob- 55 
tained, but also molded articles (such as injection-mold- 
ed articles and extruded articles) having smooth surfac- 
es can be easily obtained from the biodegradable resin 



composition of the present invention. When the amount 
of the natural mica is less than 5.0 % by weight, the ef- 
fect of improving the elastic modulus is unsatisfactory. 
On the other hand, when the amount of the natural mica 
exceeds 30 % by weight, a molded article produced from 
the resultant biodegradable resin composition has a sur- 
face with marked unevenness caused by the natural mi- 
ca in the form of powder, and it is difficult to obtain a 
molded article having a smooth surface. 
[0103] The biodegradable resin composition of the 
present invention has incorporated thereinto natural mi- 
ca having an average particle diameter of 1 5 to 1 40 jim. 
Therefore, the natural mica can be efficiently kneaded 
and incorporated into the resin by means of an injection 
molding machine or an extruder, thus making it possible 
to provide a biodegradable resin composition having 
uniform properties. When natural mica having an aver- 
age particle diameter of less than 15 jam is prepared, 
the cost is increased, and no special effect can be ob- 
tained by reducing the particle diameter of natural mica. 
On the other hand, when the particle diameter of the nat- 
ural mica exceeds 140 jam, not only be the natural mica 
difficult to be kneaded with the biodegradable resin, but 
also a molded article produced from the resultant bio- 
degradable resin composition disadvantageously has a 
surface with poor smoothness. 

[0104] In the biodegradable resin composition of the 
present invention, the biodegradable resin is an aliphat- 
ic polyester resin. Therefore, the composition of the 
present invention can be widely used not only in hous- 
ings for household electric appliances and electronic 
equipment but also in materials for agriculture, forestry, 
and fisheries, and materials for civil engineering works, 
and the field packaging and container. Further, in the 
biodegradable resin composition according to the 
present invention , polylactic acid is used as the aliphatic 
polyester resin, and therefore the composition has an 
advantage in that the hydrolysis product of the biode- 
gradable resin composition is especially highly safe. 
[0105] The biodegradable resin composition of the 
present invention contains, in addition to natural mica, 
an additive for suppressing hydrolysis of the biodegrad- 
able resin. For this reason, by determining the type and 
amount of the additive for suppressing hydrolysis ac- 
cording to the application and properties of molded ar- 
ticles (products) to be produced from the biodegradable 
resin composition, there can be provided a material for 
shaping comprised of a biodegradable resin composi- 
tion that meets various demands. Further, by incorpo- 
rating into the composition the above-mentioned addi- 
tive for suppressing hydrolysis in an appropriate 
amount, the composition is improved in elastic modulus 
at high temperatures, especially at the glass transition 
temperature of the biodegradable resin or higher. 
[0106] The biodegradable resin composition of the 
present invention contains, in addition to natural mica, 
as an additive for suppressing hydrolysis of the biode- 
gradable resin, a carbodiimide compound which exhib- 
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its a remarkable effect in a small amount. For this rea- 
son, by determining the type and amount of the carbo- 
diimide compound according to the application and 
properties of molded articles (products) to be produced 
from the biodegradable resin composition, there can be 
provided a material for shaping comprised of a biode- 
gradable resin composition that meets various de- 
mands. 

[0107] In the biodegradable resin composition of the 
present invention, the additive for suppressing hydroly- 
sis is present in an amount of 0.1 to 2.0 % by weight, 
based on the weight of the aliphatic polyester resin as 
the biodegradable resin. Therefore, not only be the ef- 
fect of improving the composition in elastic modulus at 
high temperatures especially remarkable, but also the 
compatibility between the biodegradable resin and the 
additive is enhanced, so that the mixing state of the com- 
position becomes stable. When the amount of the addi- 
tive is less than 0.1 % by weight, the effect aimed at by 
addition of the additive is unsatisfactory, and, even when 
the amount of the additive exceeds 2.0 % by weight, the 
hydrolysis resistance effect is not further increased. 
[0108] The housing material of the present invention 
comprises a biodegradable resin composition which 
comprises a biodegradable resin having incorporated 
thereinto natural mica. Therefore, the housing material 
of the present invention can be a material for producing 
housings having a satisfactory mechanical strength for 
household electric appliances and electronic equip- 
ment. In addition, natural mica is a natural mineral, and 
it has no danger that it generates an injurious material, 
and further it is inexpensive and easily available. Thus, 
the housing material of the present invention can be pro- 
duced at low cost. 

[0109] The housing material of the present invention 
contains a biodegradable resin, natural mica, and an ad- 
ditive for suppressing hydrolysis of the biodegradable 
resin. Therefore, the material can has satisfactory me- 
chanical strength and high elastic modulus at high tem- 
peratures. Thus, from the housing material of the 
present invention, there can be produced housings for 
household electric appliances and electronic equip- 
ment, which are unlikely to suffer deformation by exter- 
nal force and have excellent heat resistance. Further, 
by determining the type and amount of the additive for 
suppressing hydrolysis according to the application and 
properties of molded articles (products) to be produced 
from the biodegradable resin composition, there can be 
provided a housing that meets various demands. 
[0110] The method for improving a biodegradable 
resin material in elastic modulus of the present invention 
is characterized in that it comprises a step of adding nat- 
ural mica to a biodegradable resin material comprised 
mainly of a biodegradable resin. Therefore, by the meth- 
od for improving elastic modulus of the present inven- 
tion, there can be provided a biodegradable resin ma- 
terial having improved mechanical strength. 
[0111] In the method for improving a biodegradable 



resin material in elastic modulus of the present inven- 
tion, a biodegradable resin material comprised mainly 
of a biodegradable resin and natural mica in an amount 
of 1 0.0 to 30.0 % by weight, with regard to the weight of 

5 the biodegradable resin material, are kneaded together 
at 1 50 to 200°C to incorporate the natural mica into the 
biodegradable resin material. Therefore, not only can an 
effect of considerably improving the elastic modulus be 
obtained, but also the natural mica and the biodegrad- 

10 able resin can be uniformly kneaded, so that a biode- 
gradable resin material having uniform properties can 
be easily obtained. By shaping the resultant biodegrad- 
able resin material by injection molding orthe like, mold- 
ed articles (such as injection-molded articles and ex- 

15 truded articles) having excellent properties can be sta- 
bly produced. When the temperature for the above 
kneading is lower than 150°C, the kneading is unsatis- 
factory. On the other hand, when the kneading temper- 
ature exceeds 200°C, the biodegradable resin is likely 

20 to suffer thermal decomposition. 

[01 1 2] In the housing produced from a housing mate- 
rial using the biodegradable resin composition of the 
present invention, there are many waste disposal meth- 
ods, and, even when used articles are disposed of as 

25 such, they cannot remain as waste for a long term and 
do not destroy the scenery at which they are placed. Al- 
ternatively, they can be recycled as a material like gen- 
eral resins. Further, the biodegradable resin composi- 
tion of the present invention does not contain an injuri- 

30 ous substance, such as a heavy metal or an organo- 
chlorine compound. Therefore, there is no danger that 
the biodegradable resin composition generates an inju- 
rious substance after being disposed of or when incin- 
erated. Furthermore, when the biodegradable resin is 

35 produced from grain resources as a raw material, the 
material also has an advantage in that it need not use 
resources being exhausted including petroleum. 
[0113] Further, the present invention will be described 
in detail. The biodegradable resin used in the present 

40 invention is an aliphatic polyester resin having excellent 
moldability and excellent heat resistance as well as ex- 
cellent impact resistance, among the polyester resins 
capable of being metabolized by microorganisms. 
[0114] As examples of the aliphatic polyester resin, 

45 there can be mentioned polylactic acid-based aliphatic 
polyester resins, and specific examples include poly- 
mers and copolymers of an oxy-acid or oxy-acids, such 
as lactic acid, malic acid, or/and gluconic acid, and par- 
ticularly include hydroxycarboxylic acid-based aliphatic 

50 polyester resins, such as polylactic acid. 

[0115] The polylactic acid-based aliphatic polyester 
resin can generally be obtained by a ring-opening po- 
lymerization of a lactide which is a cyclic diester or the 
corresponding lactone, i.e., a so-called lactide method, 

55 or by a method in which lactic acid is directly subjected 
to dehydration-condensation (lactic acid direct dehydra- 
tion-condensation method). 

[01 1 6] Examples of catalysts for use in producing the 
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polylactic acid-based aliphatic polyester resin include a 
tin compound, an antimony compound, a zinc com- 
pound, atitanium compound, an iron compound, and an 
aluminum compound. Among these compounds, pre- 
ferred are a tin catalyst and an aluminum catalyst, and 
especially preferred are tin octylate and aluminum 
acetylacetate. 

[0117] Among the polylactic acid-based aliphatic pol- 
yester resins, one that is obtained by lactide ring-open- 
ing polymerization is hydrolyzed by microorganisms into 
poly(l_-form lactic acid), eventually into L-form lactic ac- 
id. L-form lactic acid is confirmed to be safe to human 
body, and hence the aliphatic polyester resin comprised 
of L-form lactic acid is preferred. However, the polylactic 
acid-based aliphatic polyester resin used in the present 
invention is not limited to this resin, and therefore the 
lactide used in the production of the resin is not limited 
to the L-form lactide. 

[0118] On the other hand, the synthetic mica used in 
the present invention is fluorine-containing mica ob- 
tained from talc as a raw material, and this mica is clas- 
sified into swellable mica and non-swellable mica ac- 
cording to its behavior relative to water. The non-swella- 
ble synthetic mica is potassium-based fluorine mica in 
the form of fine powder having properties close to those 
of natural mica, and it has high heat resistance due to 
the fluorine contained, as compared to natural mica. In 
contrast, the swellable mica is sodium-based fluorine 
mica in the form of fine powder, and has properties such 
that it absorbs moisture in air to swell and then under- 
goes cleavage into fine ones. Further, the swellable mi- 
ca has not only an ability to form a colloid and a film but 
also an ability to form a composite. It is desired that the 
synthetic mica used in the present invention is non- 
swellable synthetic mica. 

[0119] As the additive for suppressing hydrolysis of 
the above-mentioned biodegradable aliphatic polyester 
resin, a compound having reactivity to acarboxylic acid 
and a hydroxyl group which are the terminal functional 
groups of a polyester resin, for example, a carbodiimide 
compound, an isocyanate compound, and an oxazoline 
compound can be used, and especially preferred is a 
carbodiimide compound since it can be well meld- 
kneaded with polyester and suppress hydrolysis even 
in a small amount. 

[0120] As the carbodiimide compound having at least 
one carbodiimide group per molecule (including a poly- 
carbodiimide compound), for example, there can be 
mentioned ones which can be synthesized by, using an 
organophosphorus compound or an organometal com- 
pound as a catalyst, subjecting an isocyanate polymer 
to decarboxylation-condensation reaction in the ab- 
sence of a solvent or in an inert solvent at about 70°C 
or higher. 

[0121] Examples of monocarbodiimide compounds 
contained in the above carbodiimide compound include 
dicyclohexylcarbodiimide, diisopropylcarbodiimide, 
dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl- 



carbodiimide, diphenylcarbodiimide, and naphthylcar- 
bodiimide. Of these, preferred are dicyclohexylcarbodi- 
imide and diisopropylcarbodiimide especially from the 
viewpoint of the commercial availability. 

5 [0122] The carbodiimide compound can be mixed (in- 
corporated) into a biodegradable plastic by melt-knead- 
ing using an extruder. The biodegradation rate of the bi- 
odegradable plastic used in the present invention can 
be adjusted by changing thetype and amount of thecar- 

10 bodiimide compound incorporated, and hence, the type 
and amount of the carbodiimide compound are deter- 
mined according to the desired product. 
[0123] Next, the present invention will be described 
with reference to the following Examples and Compar- 

15 ative Examples. In thefollowing Examples, synthetic mi- 
ca was added to polylactic acid containing no additive 
to improvethe polylactic acid in storage elastic modulus. 
Fig. 4 is a graph showing the relationship between the 
temperature and the storage elastic modulus with re- 

20 spect to each of the biodegradable resin composition 
obtained by incorporating synthetic mica (MK-100) into 
polylactic acid (H1 00J)(Example 12), and polylactic acid 
(H1 00J) containing no synthetic mica (Comparative Ex- 
ample 3), each of which was subjected to aging at 1 20°C 

25 for 60 seconds. Fig. 5 is a graph showing the relation- 
ship between the temperature and the storage elastic 
modulus in the Examples of the present invention and 
Comparative Example with respect to each of the bio- 
degradable resin composition obtained by incorporating 

30 synthetic mica (MK-100) into polylactic acid (Lacty 
#9030)(Examples 1 8 and 1 9), and polylactic acid (Lacty 
#9030) containing no such synthetic mica (Comparative 
Example 4). 

[0124] First, the methods for measuring a storage 
35 elastic modulus and a glass transition temperature (Tg) 
are described below. The measuring apparatus and 
conditions for measurement are the same as those 
mentioned above. 

[0125] Measuring apparatus: Viscoelasticity analyz- 
40 er, manufactured and sold by Rheometric Scientific Inc. 

Specimen size: length: 50 mm x width: 7 mm x 
thickness: 1 mm 
Frequency: 6.28 (rad/s) 
45 Starting temperature in measurement: 0°C 
End temperature in measurement: 160°C 
Heating rate: 5°C/min 
Strain: 0.05 % 



[0126] In the measurement of the elastic modulus in 
flexure with respect to the specimen prepared from La- 
cea H 1 00J (manufactured and sold by Mitsui Chemicals 
55 Co., Ltd.), which is polylactic acid and contains no syn- 
thetic mica, the storage elastic modulus E 1 was rapidly 
lowered at around the glass transition temperature Tg 
(60°C) of polylactic acid, and reached the minimum val- 
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ue at about 100°C. Then, the storage elastic modulus 
rapidly rose, and exhibited an almost constant value in 
the range of about 1 20 to 1 40°C (not shown). The spec- 
imen prepared from Lacea H1 00J was subjected to ag- 
ing for 60 seconds by heating at 1 20°C. As a result, as 
shown in Fig. 4 (H1 00J) ; the storage elastic modulus of 
the specimen attheTg (60°C) of polylacticacid or higher 
could be kept at 1 x 10 8 Pa or more. 

Example 12 

[0127] To Lacea H1 00J was added 1 % by weight of 
Micromica MK-100 (manufactured and sold by CO-OP 
CHEMICAL CO., LTD.), which is synthetic mica in the 
form of fine powder, and then melt-blended by means 
of a single-screw kneader set at 1 80°C and the resultant 
composition was pelletized, followed by hot-pressing by 
means of a hot pressing machine set at 1 70°C, thus pre- 
paring a plate material having a thickness of 1 mm. 
Then, a specimen cut out from the prepared plate ma- 
terial was subjected to aging for 60 seconds by heating 
at 120°C, and then, a storage elastic modulus was 
measured with respect to the resultant specimen. As 
shown in Fig. 4 (H100J + MK-1 00-1%), an increase (to 
about 1 x 10 9 Pa) was observed in the storage elastic 
modulus of this specimen in the range of around the Tg 
(60°C) of polylactic acid to 100°C. 

Example 13 

[0128] To Lacea H1 00J was added 1 % by weight of 
Carbodilite HMV-10B (manufactured and sold by 
Nisshinbo Industries, Inc.) as an additive for suppress- 
ing hydrolysis, and 1 % by weight of non-swellable Mi- 
cromica MK-100, which is synthetic mica in the form of 
fine powder, was further added thereto and then meld- 
blended. Subsequently, a specimen comprising a bio- 
degradable resin composition was prepared in substan- 
tially the same manner as in Example 1 . The prepared 
specimen was subjected to aging for 60 seconds by 
heating at 120°C, and then, a storage elastic modulus 
was measured with respect to the resultant specimen. 
An increase was observed in the storage elastic modu- 
lus of this specimen in the range of aroundtheTg (60°C) 
of polylactic acid to 100°C (not shown). 

Example 14 

[0129] To Lacea H1 00 J were added 1 0 % by weight 
of natural mica and 1 % by weight of Carbodilite HMV- 
10B as an additive for suppressing hydrolysis in sub- 
stantially the same manner as in Example 12, and 1 % 
by weight of non-swellable Micromica MK-1 00, which is 
synthetic mica in the form of fine powder, was further 
added thereto and then meld-blended. Subsequently, a 
specimen comprising a biodegradable resin composi- 
tion was prepared in substantially the same manner as 
in Example 12. The prepared specimen was subjected 



to aging for 60 seconds by heating at 120°C, and then, 
a storage elastic modulus was measured with respect 
to the resultant specimen. An increase was observed in 
the storage elastic modulus of this specimen in the 
5 rangeof aroundtheTg (60°C) of polylactic acid to 100°C 
(not shown). 

Example 15 

w [0130] The specimens prepared in Examples 12 to 14 
were individually subjected to aging for 90 seconds by 
heating at 100°C, and then, a storage elastic modulus 
was measured with respect to each of the resultant 
specimens. As a result, an increase was observed in the 

15 storage elastic modulus of these specimens in the range 
of around the Tg (60°C) of polylactic acid to 100°C at 
substantially the same level as that in a case where the 
specimen is subjected to aging for 60 seconds by heat- 
ing at 120°C (not shown). 

20 

Example 16 

[0131] To Lacea H100J was added 1 % by weight of 
Carbodilite HMV-1 0B, and 1 % by weight of non-swella- 

25 ble Micromica MK-100, which is synthetic mica in the 
form of fine powder, was further added thereto and then 
melt-blended, followed by pelletization. The resultant 
pellets were injected into a mold to obtain an injection- 
molded product, and then the mold was heated at 1 20°C 

30 for 60 seconds so that the injection-molded product was 
subjected to aging. Then, the injection-molded product 
was removed from the mold, and a specimen was cut 
out from the injection-molded product, and a storage 
elastic modulus was measured with respect to the spec- 

35 imen. As a result, an increase was observed in the stor- 
age elastic modulus of the specimen in the range of 
around the Tg (60°C) of polylactic acid to 100°C (not 
shown). 



[0132] To Lacea H100J was added 1 % by weight of 
Carbodilite HMV-1 0B, and 1 % by weight of non-swella- 
ble Micromica MK-100, which is synthetic mica in the 

^5 form of fine powder, was further added thereto and then 
melt-blended, followed by pelletization. The extruder of 
the injection molding machine [BSM apparatus; manu- 
factured andsoldbyASAHl ENGINEERING CO., LTD.] 
was set at 1 80°C, and the inner surface of a mold was 

50 rapidly heated to 120°C by radio frequency induction 
heating using a coil. The above-obtained pellets were 
melted at 1 80°C, and then injected into the above mold, 
followed by slow cooling of the mold. Thus, by heating 
the injection-molded product in the mold to 1 20°C, aging 

55 was affected to the injection-molded product. Therefore, 
a considerable increase was observed in the storage 
elastic modulus of the specimen cut out from the above 
injection-molded product (not shown). 
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Comparative Example 4 

[0133] As shown in Fig. 5, the storage elastic modulus 
of Lacty #9030 (manufactured and sold by Shimadzu 
Corporation) which is polylactic acid was rapidly low- 
ered at around the Tg (60°C) of polylactic acid, and 
reached the minimum value, i.e., 2.8 x 1 0 6 Pa at about 
1 00°C, and then was kept at about 4 x 1 0 6 Pa at up to 
1 60°C. Then, the specimen of Lacty #9030 prepared by 
shaping into a plate material at 1 70°C was subjected to 
aging by heating at 120°C. but no effect was obtained 
by the aging. 

Example 1 8 

[0134] To Lacty #9030 was added 1 % by weight of 
non-swellable Micromica MK-1 00, which is synthetic mi- 
ca in the form of fine powder, and then melt-blended by 
means of a single-screw kneaderset at 180°C, followed 
by pelletization. A plate material specimen (without un- 
dergoing no aging by heating) was obtained from the 
resultant pellets by shaping at 170°C, and a storage 
elastic modulus was measured with respect to the spec- 
imen. As a result, as shown in Fig. 5 (Lacty #9030+ MK- 
100-1%), an increase (to 1 x 10 8 Pa or more) was ob- 
served in the storage elastic modulus of the specimen 
in the range of about 1 20 to 1 60°C. 

Example 19 

[0135] The plate material specimen prepared in Ex- 
ample 18 was subjected to aging at 120°C for 90 sec- 
onds. Asa result, as shown in Fig. 5 (Lacty #9030+ MK- 
100-1%, 120°C ■ 90 sec), an increase (to 1 x 10 8 Pa or 
more) was observed in the storage elastic modulus of 
the specimen in the range of 60 to 1 60°C. 
[0136] The biodegradable resin composition of the 
present invention comprises an aliphatic polyester resin 
having incorporated thereinto synthetic mica, and the 
synthetic mica is used as a crystal nucleating agent. 
Therefore, in the biodegradable resin composition of the 
present invention, the crystallinity of the aliphatic poly- 
ester resin is high, and thus the mechanical strength of 
the composition is increased, so that not only be the 
composition unlikely to suffer deformation and warpage 
during mechanical processing, but also the composition 
is improved in dimensional stability. Thus, from the bio- 
degradable resin composition of the present invention, 
there can be provided a material for producing housings 
having a satisfactory mechanical strength for household 
electric appliances and electronic equipment. Specifi- 
cally, the biodegradable resin used in the composition 
of the present invention is an aliphatic polyester resin, 
and hence the composition can be widely used not only 
in housings for household electric appliances and elec- 
tronic equipment but also in materialsfor agriculture, for- 
estry, and fisheries, and materials for civil engineering 
works, and the field of packaging and container. Further, 



the synthetic mica is in the form of fine powder, and 
therefore can be easily uniformly incorporated into the 
aliphatic polyester resin ; thus making it possible to pro- 
duce biodegradable resin compositions having uniform 
5 quality in high yield. The biodegradable resin composi- 
tion can be easily shaped into molded articles having 
desired forms by means of an injection molding machine 
or an extruder. 

[0137] In the biodegradable resin composition of the 
10 present invention, the amount of the synthetic mica in- 
corporated is 0.5 to 20.0 % by weight. Therefore, an ef- 
fect of considerably improving the elastic modulus can 
be obtained. When the amount of the synthetic mica is 
less than 0.5 % by weight, the effect of improving the 
15 elastic modulus is unsatisfactory. On the other hand, 
when the amount of the synthetic mica exceeds 20.0 % 
by weight, the effect of improving the elastic modulus is 
not further increased, and the synthetic mica is difficult 
to be uniformly incorporated into the biodegradable res- 
20 in. 

[0138] In the biodegradable resin composition of the 
present invention , polylactic acid is used as the aliphatic 
polyester resin. Therefore, the composition has an ad- 
vantage in that the hydrolysis product of the biodegrad- 

25 able resin composition is especially highly safe. 

[0139] The biodegradable resin composition of the 
present invention has incorporated thereinto non- 
swellable synthetic mica. The non-swellable synthetic 
mica is potassium-based fluorine mica in the form of fine 

30 powder having properties close to those of natural mica, 
and it has high heat resistance due to the fluorine con- 
tained, as compared to natural mica. Therefore, from the 
biodegradable resin composition of the present inven- 
tion, there can be provided a molded article, such as a 

35 housing, having excellent heat resistance. 

[0140] The biodegradable resin composition of the 
present invention has incorporated thereinto synthetic 
mica having an average particle diameter of 1 to 1 0 jam 
Therefore, the synthetic mica can be efficiently kneaded 

40 and incorporated into the resin by means of an injection 
molding machine or an extruder, thus making it possible 
to provide a biodegradable resin composition having 
uniform properties. When synthetic mica having an av- 
erage particle diameter of less than 1 jo.m is prepared, 

45 the cost is increased, and no special effect can be ob- 
tained by reducing the particle diameter of the synthetic 
mica. On the other hand, when the particle diameter of 
the synthetic mica exceeds 1 0 \ixr\, not only be the syn- 
thetic mica difficult to be kneaded with the biodegrada- 

50 ble resin, but also a molded article produced from the 
resultant biodegradable resin composition disadvanta- 
geous^ has a surface with poor smoothness. 
[0141] The biodegradable resin composition of the 
present invention has incorporated thereinto synthetic 

55 mica and an additive for suppressing hydrolysis of the 
biodegradable resin. Forthis reason, by determiningthe 
type and amount of the additive for suppressing hydrol- 
ysis according to the application and properties of mold- 
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ed articles (products) to be produced from the biode- 
gradable resin composition, there can be provided a ma- 
terial for shaping comprised of a biodegradable resin 
composition that meets various demands. Further, by 
incorporating into the composition the above-mentioned 
additive for suppressing hydrolysis in an appropriate 
amount, the composition is improved in elastic modulus 
at high temperatures, especially at the glass transition 
temperature of the biodegradable resin or higher. 
[0142] The biodegradable resin composition of the 
present invention has incorporated thereinto synthetic 
mica and, as an additive for suppressing hydrolysis, a 
carbodiimide compound which exhibits a remarkable ef- 
fect in a small amount. For this reason, by determining 
the type and amount of the carbodiimide compound ac- 
cording to the application and properties of molded ar- 
ticles (products) to be produced from the biodegradable 
resin composition, there can be provided a material for 
shaping comprised of a biodegradable resin composi- 
tion that meets various demands. 
[0143] In the biodegradable resin composition of the 
present invention, the additive for suppressing hydroly- 
sis of the biodegradable resin is present in an amount 
of 0.1 to 2.0 % by weight, with regard to the weight of 
the aliphatic polyester resin. Therefore, not only be the 
effect of improving the composition in elastic modulus 
at high temperatures especially remarkable, but also the 
compatibility between the biodegradable resin and the 
additive is enhanced, so that the mixing state of the com- 
position becomes stable. When the amount of the addi- 
tive is less than 0.1 % by weight, the effect aimed at by 
addition of the additive is unsatisfactory, and, even when 
the amount of the additive exceeds 2.0 % by weight, the 
hydrolysis resistance effect is not further increased. 
[0144] The biodegradable resin composition of the 
present invention is obtained by incorporating synthetic 
mica and natural mica into an aliphatic polyester resin, 
and has a form such that the surface of the mica as a 
crystal nucleating agent is covered with the aliphatic pol- 
yester resin. Therefore, this composition is further im- 
proved in mechanical strength, and the composition is 
unlikely to suffer deformation and warpage during me- 
chanical processing. 

[0145] In the biodegradable resin composition of the 
present invention obtained by incorporating into an 
aliphatic polyester resin synthetic mica and natural mi- 
ca, the natural mica is present in an amount of 5.0 to 
20.0 % by weight, with regard to the weight of the 
aliphatic polyester resin. Therefore, the composition is 
remarkably improved in mechanical strength. When the 
amount of the natural mica is less than 5.0 % by weight, 
the effect aimed at by addition of the natural mica is un- 
satisfactory. On the other hand, when the amount of the 
natural mica exceeds 20.0 % by weight, the effect of im- 
proving the elastic modulus is not further increased, and 
a molded article produced from the resultant biodegrad- 
able resin composition has a surface with marked une- 
venness caused by the natural mica in the form of pow- 



der, so that it is difficult to obtain a molded article having 
a smooth surface. 

[0146] The housing material of the present invention 
comprises a biodegradable resin composition compris- 
5 ing an aliphatic polyester resin having incorporated 
thereinto synthetic mica wherein the synthetic mica is 
used as a crystal nucleating agent. Therefore, the hous- 
ing material of the present invention can be a material 
for producing housings having a satisfactory mechani- 
cal strength for household electric appliances and elec- 
tronic equipment. Further, in the housing produced from 
a housing material using the biodegradable resin com- 
position of the present invention, there are many waste 
disposal methods, and, even when used articles are dis- 
posed of as such, they cannot remain as waste for a 
long term and do not deteriorate the sight at which they 
are placed. Alternatively, they can be recycled as a ma- 
terial like general resins. Further, the biodegradable res- 
in composition of the present invention does not contain 
an injurious substance, such as a heavy metal or an or- 
ganochlorine compound. Therefore, there is no danger 
that the biodegradable resin composition generates an 
injurious substance after being disposed of or when in- 
cinerated. Furthermore, when the biodegradable resin 
is produced from grain resources as a raw material, the 
material also has an advantage in that it need not use 
resources being exhausted including petroleum. 
[0147] The method for producing a biodegradable 
resin composition of the present invention is character- 
ized in that it comprises a step of kneading together at 
150 to 200°C an aliphatic polyester resin and synthetic 
mica in an amount of 0.5 to 20.0 % by weight, with regard 
to the weight of the aliphatic polyester resin . By the pro- 
duction method of the present invention, the synthetic 
mica and the polyester resin can be uniformly kneaded, 
so that a biodegradable resin composition having uni- 
form properties and having remarkably improved elastic 
modulus can be easily obtained by a simple and con- 
venient kneading apparatus or process. By shaping the 
resultant biodegradable resin material by injection mold- 
ing orthe like, molded articles (such as injection-molded 
articles and extruded articles) having excellent proper- 
ties can be stably produced. When the temperature for 
the above kneading is lower than 150°C ; the kneading 
is unsatisfactory. On the other hand, when the kneading 
temperature exceeds 200°C, the biodegradable resin is 
likely to suffer thermal decomposition. 
[0148] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, the biodegradable resin composition comprises an 
aliphatic polyester resin having incorporated thereinto 
synthetic mica, wherein the synthetic mica is used as a 
crystal nucleating agent, and the biodegradable resin 
composition is allowed to stand for 30 to 180 seconds 
while heating at 80 to 130°C (aging). Therefore, in the 
method of the present invention, the effect of improving 
the elastic modulus is further increased, as compared 
to the effect obtained in the case where no aging is con- 
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ducted. 

[0149] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, the biodegradable resin composition comprises an 
aliphatic polyester resin having incorporated thereinto 
synthetic mica, wherein the synthetic mica is used as a 
crystal nucleating agent, and the biodegradable resin 
composition is injected into a mold to form an injection- 
molded product, and then the injection-molded product 
in the mold is heated at 80 to 1 30°C for 30 to 1 80 sec- 
onds. In addition, in the method for improving elastic 
modulus of the present invention, the above-mentioned 
biodegradable resin composition is injected into a mold 
whose inner surface is heated by radio frequency induc- 
tion heating to form an injection-molded product, and 
then the injection-molded product in the mold is heated 
at 80 to 130°C for 30 to 180 seconds. Therefore, each 
method for improving elastic modulus of the present in- 
vention can be practiced by a simple process. 
[0150] Hereinbelow, the present invention will be de- 
scribed in more detail. The biodegradable resin compo- 
sition of the present invention is comprised mainly of an 
aliphatic polyester resin having excellent moldability 
and excellent heat resistance as well as excellent im- 
pact resistance among the polyester resins capable of 
being metabolized by microorganisms. Further, as the 
natural mica, agglomerated mica obtained by granula- 
tion of natural mica using an acrylic resin, an epoxy res- 
in, or a urethane resin as a binder is generally used. 
[0151] As examples of the aliphatic polyester resin, 
there can be mentioned polylactic acid-based aliphatic 
polyester resins, and specific examples include poly- 
mers and copolymers of an oxy-acid or oxy-acids, such 
as lactic acid, malic acid, or/and gluconic acid, and par- 
ticularly include hydroxycarboxylic acid-based aliphatic 
polyester resins, such as polylactic acid. 
[0152] The polylactic acid-based aliphatic polyester 
resin can generally be obtained by a ring-opening po- 
lymerization of a lactide which is a cyclic diester or the 
corresponding lactone, i.e., a so-called lactide method, 
or by a method in which lactic acid is directly subjected 
to dehydration-condensation (lactic acid direct dehydra- 
tion-condensation method). 

[0153] Examples of catalysts for use in producing the 
polylactic acid-based aliphatic polyester resin include a 
tin compound, an antimony compound, a zinc com- 
pound, atitanium compound, an iron compound, and an 
aluminum compound. Among these compounds, pre- 
ferred are a tin catalyst and an aluminum catalyst, and 
especially preferred are tin octylate and aluminum 
acetylacetate. 

[0154] Among the polylactic acid-based aliphatic pol- 
yester resins, one that is obtained by lactide ring-open- 
ing polymerization is hydrolyzed by microorganisms into 
poly(L-form lactic acid), eventually into L-form lactic ac- 
id. L-form lactic acid is confirmed to be safe to human 
body, and hence the aliphatic polyester resin comprised 
of L-form lactic acid is preferred. However, the polylactic 



acid-based aliphatic polyester resin used in the present 
invention is not limited to this resin, and therefore the 
lactide used in the production of the resin is not limited 
to the L-form lactide. 
5 [0155] On the other hand, the nucleating agent used 
in the present invention is an organic compound having 
a melting or softening temperature of 80 to 300°C and 
having a melting entropy of about 41 .84 to 418.4 J/k/ 
mol, and specific examples of organic compounds in- 
fo elude an aliphatic carboxylic acid amide, an aliphatic 
carboxylic acid ester, an aliphatic carboxylic acid, and 
an aliphatic alcohol, and especially preferred is an 
aliphatic carboxylic acid amide. 

[0156] With respect to the above-mentioned aliphatic 

15 carboxylic acid amide, there is no particular limitation as 
long as it has a melting or softening temperature in the 
range of 80 to 300°C and has melting entropy in the 
range of about 41 .84 to 41 8.4 J/k/mol. The aliphatic car- 
boxylic acid amide includes an aliphatic amide (see 

20 page 389 of "10899 Chemical Products", published by 
The Chemical Daily Co., Ltd. in 1989). 
[0157] The aliphatic carboxylic acid amide is a com- 
pound containing at least one structure such that a car- 
bonyl carbon is bonded to nitrogen. Specifically, the 

25 aliphatic carboxylic acid amide includes a compound 
having a linkage generally called amide linkage, and al- 
so includes a compound having a linkage generally 
called urea linkage. A hydrogen atom or an aliphatic 
group is bonded to each of the carbonyl carbon and the 

30 nitrogen atom bonded to the carbonyl carbon. Specific 
examples of the aliphatic group to be bonded include 
not only aliphatic groups but also aromatic groups, com- 
binations of these groups, and the group consisting of 
residues having a structure such that the above groups 

35 are bonded through oxygen, nitrogen, sulfur, silicon, or 
phosphorus, and further specific examples include the 
group consisting of residues having a structure such that 
the above group is substituted with, for example, a hy- 
droxyl group, an alkyl group, acycloalkyl group, an allyl 

40 group, an alkoxyl group, a cycloalkoxyl group, an ally- 
loxyl group, or a halogen (such as F, CI, or Br). By ap- 
propriately selecting these substituents, the effect of the 
aliphatic carboxylic acid amide as a nucleating agent 
can be adjusted, thus making it possible to adjust the 

45 properties (such as heat resistance and mechanical 
strength) of the biodegradable resin composition of the 
present invention comprising an aliphatic polyester res- 
in including a lactic acid polymer. 

[0158] Specific examples of aliphatic carboxylic acid 
50 amides include lauramide, palmitamide, stearamide, 
erucamide, behenamide, N-stearylstearamide, methyl- 
olstearamide, methylolbehenamide, dimethylol oil 
amide, dimethyllauramide, and dimethylstearamide. In 
addition, examples include ethylenebisoleamide, ethyl- 
55 enebisstearamide, ethylenebislauramide, hexamethyl- 
enebisoleamide, butylenebisstearamide, m-xylenebis- 
stearamide, m-xylenebis-12-hydroxystearamide, N,N'- 
dioleyladipamide, N,N'-distearyladipamide, N,N'-dis- 
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tearylisophthalamide, NX-distearylterephthalamide, 
N-butyl-N'-stearylurea, N-propyl-N'-stearylurea, N-al- 
lyl-N'-stearylurea, and N-stearyl-N'-stearylurea. 
[0159] Of these, especially preferred are ethylenebi- 
sstearamide, palmitamide, stearamide, erucamide, be- 
henamide, ethylenebisoleamide, ethylenebislauramide, 
N-stearylstearamide, m-xylenebisstearamide, and m- 
xylenebis-1 2-hydroxystearamide. 
[0160] As the additive for suppressing hydrolysis of 
the above-mentioned biodegradable aliphatic polyester 
resin used in the present invention, a compound having 
reactivity to a carboxylic acid and a hydroxyl group 
which are the terminal functional groups of a polyester 
resin, for example, a carbodiimide compound, an isocy- 
anate compound : and an oxazoline compound can be 
used, and especially preferred is a carbodiimide com- 
pound since it can be well meld-kneaded with polyester 
and suppress hydrolysis even in a small amount. 
[0161] As the carbodiimide compound having at least 
one carbodiimide group per molecule (including a poly- 
carbodiimide compound), for example, there can be 
mentioned ones which can be synthesized by, using an 
organophosphorus compound or an organometal com- 
pound as a catalyst, subjecting an isocyanate polymer 
to decarboxylation-condensation reaction in the ab- 
sence of a solvent or in an inert solvent at about 70°C 
or higher. 

[0162] Examples of monocarbodiimide compounds 
contained in the above carbodiimide compound include 
dicyclohexylcarbodiimide, diisopropylcarbodiimide, 
dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl- 
carbodiimide, diphenylcarbodiimide, and naphthylcar- 
bodiimide. Of these, preferred are dicyclohexylcarbodi- 
imide and diisopropylcarbodiimide especially from the 
viewpoint of the commercial availability. 
[0163] The carbodiimide compound can be mixed (in- 
corporated) into a biodegradable plastic by melt-knead- 
ing using an extruder. The biodegradation rate of the bi- 
odegradable plastic used in the present invention can 
be adjusted by changing the type and amount of the car- 
bodiimide compound incorporated, and hence, the type 
and amount of the carbodiimide compound are deter- 
mined according to the desired product. 
[0164] Next, the present invention will be described 
with reference to the following Examples and Compar- 
ative Examples. Figs. 6 and 7 are graphs individually 
showing the relationship between the temperature and 
the storage elastic modulus with respect to each of the 
biodegradable resin composition obtained by incorpo- 
rating a nucleating agent, natural mica, and an additive 
forsuppressing hydrolysis into polylactic acid containing 
no special additive (Examples), and polylactic acid con- 
taining no these additives (Comparative Example). 
[0165] First, the methods for measuring a storage 
elastic modulus and a glass transition temperature (Tg) 
are described below. The measuring apparatus and 
conditions for measurement are the same as those 
mentioned above. 



Measuring apparatus: Viscoelasticity analyzer, 
manufactured and sold by Rheometric Scientific 
Inc. 

Specimen size: length: 50 mm x width: 7 mm x 
5 thickness: 1 mm 

Frequency: 6.28 (rad/s) 

Starting temperature in measurement: 0°C 

End temperature in measurement: 160°C 

Heating rate: 5°C/min 
10 Strain: 0.05% 

Comparative Example 5 

[0166] As shown in Fig. 6, in the specimen prepared 
15 from Lacea H100J (manufactured and sold by Mitsui 
Chemicals Co., Ltd.) which is polylactic acid, the storage 
elastic modulus E' was rapidly lowered at around the 
glass transition temperature Tg (60°C) of polylactic acid, 
and reached the minimum value at about 1 00°C. Then, 
20 the storage elastic modulus rapidly rose, and exhibited 
an almost constant value in the range of about 120 to 
140°C. The storage elastic modulus in the range of 70 
to 140°C was 1 x 10 8 or less. 

25 Example 20 

[0167] To Lacea H100J were added 10 % by weight 
of agglomerated mica powder 41 PU5 having a particle 
diameter of 40 to 50 \xm (containing 0.8 % by weight of 

30 an urethane resin binder; manufactured and sold by 
Yamaguchi Mica Industry Co., Ltd.), which was obtained 
by granulation of natural mica, 1 % by weight of Car- 
bodilite HMV-1 0B (manufactured and sold by Nisshinbo 
Industries, Inc.) as an additive for suppressing hydroly- 

35 sis, and 1 % by weight of ethylenebisstearamide 
(aliphatic carboxylic acid amide) as an organic nucleat- 
ing agent and mixed together, and then melt-blended by 
means of a single-screw kneader set at 1 80°C and the 
resultant composition was pelletized, followed by hot- 

40 pressing by means of a hot pressing machine set at 
170°C, thus preparing a plate material having a thick- 
ness of 1 mm. Then, a storage elastic modulus was 
measured with respect to the specimen cut out from the 
prepared plate material. As shown in Fig. 6, differing 

45 from Comparative Example 5, a rapid lowering at 
around the Tg (60°C) of polylactic acid was not ob- 
served in the storage elastic modulus of the specimen 
prepared in Example 20, and the storage elastic modu- 
lus in the range of 70 to 140°C was considerably in- 

50 creased, especially at about 100 to about 120°C : the 
storage elastic modulus was about 1 X 10 9 . 

Example 21 

55 [0168] The specimen prepared in Example 20 was 
subjected to aging at 1 20°C for 60 seconds. As s result, 
as shown in Fig. 6, the storage elastic modulus of the 
specimen in the range of 60 to 1 00°C was considerably 
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increased, as compared to that in Example 20. 
Example 22 

[0169] To Lacea H1 00J were added 1 0 % by weight 
of agglomerated mica powder 41 PU5, 1 % by weight of 
Carbodilite HMV-1 OB as an additive for suppressing hy- 
drolysis, and 1 % by weight of erucamide (aliphatic car- 
boxylic acid amide) as an organic nucleating agent, and 
then a specimen was prepared in substantially the same 
manner as in Example 1 , and a storage elastic modulus 
was measured with respect to the prepared specimen. 
As shown in Fig. 7, the storage elastic modulus of the 
specimen prepared in this Example 22 was considera- 
bly increased, as compared to that in Comparative Ex- 
ample 20. 

Example 23 

[0170] The specimen prepared in Example 22 was 
subjected to aging at 1 20°C for 60 seconds. As a result, 
as shown in Fig. 7, the storage elastic modulus of the 
specimen prepared in Example 23 in the range of 70 to 
about 100°C was further increased, as compared to that 
in Example 22. 

Example 24 

[0171] To Lacea H1 00 J were added 1 0 % by weight 
of agglomerated mica powder 41 PUS, 1 % by weight of 
Carbodilite HMV-1 0B as an additive for suppressing hy- 
drolysis, and 1 % by weight of tributyl acetylcitrate 
(aliphatic carboxylic acid ester) as an organic nucleating 
agent, and then a specimen was prepared in substan- 
tially the same manner as in Example 20, and the pre- 
pared specimen was subjected to aging at 1 20°C for 60 
seconds. As a result, the storage elastic modulus of the 
resultant specimen was considerably increased, as 
compared to that in Comparative Example 5 (not 
shown). 

Example 25 

[0172] To Lacea H1 00 J were added 1 0 % by weight 
of agglomerated mica powder 41 PU5, 1 % by weight of 
Carbodilite HMV-1 0B as an additive for suppressing hy- 
drolysis, and 1 % by weight of diisodecyl adipate 
(aliphatic carboxylic acid ester) as an organic nucleating 
agent, and then a specimen was prepared in substan- 
tially the same manner as in Example 20, and the pre- 
pared specimen was subjected to aging at 1 20°C for 60 
seconds. As a result, the storage elastic modulus of the 
resultant specimen was considerably increased, as 
compared to that in Comparative Example 5 (not 
shown). 



Example 26 

[0173] The pellets obtained in Example 20 was heat- 
ed so that the resin temperature became 180°C, and 

5 then placed into a mold whose inner surface was rapidly 
heated to 120°C by radio frequency induction heating 
using a coil, and molded, followed by slow cooling. By 
heating the mold to 120°C : aging was affected to the 
resin during injection molding, so that an increase in the 

10 elastic modulus was observed (not shown). 

[0174] The biodegradable resin composition of the 
present invention comprises an aliphatic polyester resin 
having incorporated thereinto an organic nucleating 
agent and natural mica. Therefore, the mechanical 

15 strength of the biodegradable resin composition of the 
present invention is increased, so that not only be the 
composition unlikely to suffer deformation and warpage 
during mechanical processing, but also the composition 
is improved in dimensional stability. Thus, from the bio- 

20 degradable resin composition of the present invention, 
there can be provided a material for producing housings 
having a satisfactory mechanical strength for household 
electric appliances and electronic equipment. Specifi- 
cally, the biodegradable resin used in the composition 

25 of the present invention is an aliphatic polyester resin, 
and hence the composition can be widely used not only 
in housings for household electric appliances and elec- 
tronic equipment but also in materials for agriculture, for- 
estry, and fisheries, and materials for civil engineering 

30 works, and the field of packaging and container. 

[0175] The biodegradable resin composition of the 
present invention has incorporated thereinto, as the or- 
ganic nucleating agent, at least one compound selected 
from the group consisting of an aliphatic carboxylic acid 

35 amide and an aliphatic carboxylic acid ester. Therefore, 
the biodegradable resin composition is further improved 
in elastic modulus, and also improved in mechanical 
strength. 

[0176] In the biodegradable resin composition of the 

40 present invention, the natural mica is present in an 
amount of 5.0 to 20.0 % by weight, with regard to the 
weight of the aliphatic polyester resin. Therefore, an ef- 
fect of considerably improving the elastic modulus can 
be obtained. When the amount of the natural mica is 

45 less than 5.0 % by weight, the effect of improving the 
elastic modulus is unsatisfactory. On the other hand, 
when the amount of the natural mica exceeds 20.0 % 
by weight, the effect of improving the elastic modulus is 
not further increased, and the natural mica is difficult to 

50 be uniformly kneaded and incorporated into the biode- 
gradable resin. Further, pellets obtained from the result- 
ant kneaded mixture have rough surfaces, so that a 
molded article produced from the pellets disadvanta- 
geously has a surface with poor smoothness. 

55 [0177] In the biodegradable resin composition of the 
present invention, the organic nucleating agent is 
present in an amount of 0.5 to 5.0 % by weight, with 
regard to the weight of the aliphatic polyester resin. 
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Therefore, an effect of considerably improving the elas- 
tic modulus can be obtained. When the amount of the 
organic nucleating agent is less than 0.5 % by weight, 
the effect of improving the elastic modulus is unsatisfac- 
tory. On the other hand, when the amount of the organic 
nucleating agent exceeds 5.0 % by weight, the effect of 
improving the elastic modulus is not further increased, 
and the compatibility between the aliphatic polyester 
resin and the above-mentioned additive is lowered, 
causing disadvantageous bleeding of the nucleating 
agent on the surface of the biodegradable resin compo- 
sition with the lapse of time. 

[0178] In the biodegradable resin composition of the 
present invention, polylactic acid is used as the aliphatic 
polyester resin. Therefore, the composition has an ad- 
vantage in that the hydrolysis product of the biodegrad- 
able resin composition is especially highly safe. 
[0179] The biodegradable resin composition of the 
present invention contains an aliphatic polyester resin, 
an organic nucleating agent, natural mica, and an addi- 
tive for suppressing hydrolysis of the aliphatic polyester 
resin. For this reason, by determining the type and 
amount of the additive for suppressing hydrolysis ac- 
cording to the application and properties of molded ar- 
ticles (products) to be produced from the biodegradable 
resin composition, there can be provided a material for 
shaping comprised of a biodegradable resin composi- 
tion that meets various demands. Further, by incorpo- 
rating into the composition the above-mentioned addi- 
tive for suppressing hydrolysis in an appropriate 
amount, the composition is improved in elastic modulus 
at high temperatures, especially at the glass transition 
temperature of the biodegradable resin or higher. 
[0180] The biodegradable resin composition of the 
present invention has incorporated thereinto, as the ad- 
ditive for suppressing hydrolysis, a carbodiimide com- 
pound which exhibits a remarkable effect in a small 
amount. For this reason, by determining the type and 
amount of the carbodiimide compound according to the 
application and properties of molded articles (products) 
to be produced from the biodegradable resin composi- 
tion, there can be provided a material for shaping com- 
prised of a biodegradable resin composition that meets 
various demands. 

[0181] In the biodegradable resin composition of the 
present invention, the additive for suppressing hydroly- 
sis of the biodegradable resin is in an amount of 0.1 to 
2.0 % by weight, based on the weight of the aliphatic 
polyester resin. Therefore, not only be the effect of im- 
proving the composition in elastic modulus at high tem- 
peratures especially remarkable, but also the composi- 
tion is improved in chemical stability, for example, 
weathering resistance, light resistance, and heat resist- 
ance. Further, in the above range for the amount of the 
additive, the compatibility between the biodegradable 
resin and the additive is enhanced, so that the mixing 
state of the composition becomes stable. When the 
amount of the additive is less than 0.1 % by weight, the 



effect aimed at by addition of the additive is unsatisfac- 
tory, and, even when the amount of the additive exceeds 
2.0 % by weight, the hydrolysis resistance effect is not 
further increased. 

5 [0182] The housing material of the present invention 
comprises a biodegradable resin composition compris- 
ing an aliphatic polyester resin having incorporated 
thereinto an organic nucleating agent and natural mica. 
Therefore, the housing material of the present invention 

10 can be a material for producing housings having a sat- 
isfactory mechanical strength for household electric ap- 
pliances and electronic equipment. Further, in the hous- 
ing produced from a housing material using the biode- 
gradable resin composition of the present invention, 

15 there are many waste disposal methods, and, even 
when used articles are disposed of as such, they cannot 
remain as waste for a long term and do not spoil the 
sight at which they are placed. Alternatively, they can 
be recycled as a material like general resins. Further, 

20 the biodegradable resin composition of the present in- 
vention does not contain an injurious substance, such 
as a heavy metal or an organochlorine compound. 
Therefore, there is no danger that the biodegradable 
resin compound generates an injurious substance after 

25 being disposed of or when incinerated. Furthermore, 
when the biodegradable resin is produced from grain re- 
sources as a raw material, the material also has an ad- 
vantage in that it need not use resources being exhaust- 
ed including petroleum. 

30 [0183] The method for producing a biodegradable 
resin composition of the present invention is character- 
ized in that it comprises kneading together at 150 to 
200°C an aliphatic polyester resin, natural mica in an 
amount of 5.0 to 20.0 % by weight, in accordance with 

35 the weight of the aliphatic polyester resin, and an organ- 
ic nucleating agent. By the production method of the 
present invention, the natural mica and the polyester 
resin can be uniformly kneaded, so that a biodegradable 
resin composition having uniform properties and having 

40 remarkably improved elastic modulus can be easily ob- 
tained by a simple and convenient kneading apparatus 
or process. By shaping the resultant biodegradable res- 
in material by injection molding or the like, molded arti- 
cles (such as injection-molded articles and extruded ar- 

45 tides) having excellent properties can be stably pro- 
duced. When the temperature for the above kneading 
is lower than 150°C, the kneading is unsatisfactory. On 
the other hand, when the kneading temperature ex- 
ceeds 200°C, the biodegradable resin is likely to suffer 

50 thermal decomposition. 

[0184] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, the biodegradable resin composition of one aspect 
of the present invention is allowed to stand for 30 to 1 80 

55 seconds while heating at 80 to 130°C (aging). There- 
fore, in the method of the present invention, the effect 
of improving the elastic modulus is further increased, as 
compared to the effect obtained in the case where no 
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aging is conducted. 

[0185] In the method for improving a biodegradable 
resin material in elastic modulus of the present inven- 
tion, the biodegradable resin composition of one aspect 
of the present invention is injected into a mold to form 5 
an injection-molded product and then the injection- 
molded product in the mold is heated at 80 to 1 30°C for 
30 to 1 80 seconds. Further, in the method for improving 
elastic modulus according to the present invention, the 
biodegradable resin composition is injected into a mold 10 
whose inner surface is heated by radio frequency induc- 
tion heating to form an injection-molded product, and 
then the injection-molded product in the mold is heated 
at 80 to 130°C for 30 to 180 seconds. Therefore, each 
method for improving elastic modulus of the present in- 15 
vention can be practiced by a simple process. 

Claims 

20 

1 . A method for improving a biodegradable resin ma- 
terial in elastic modulus, wherein said material is 
comprised mainly of a biodegradable resin, 

said method comprising a step of irradiating 
said biodegradable resin material with a micro- 25 
wave. 

2. A method for improving a biodegradable resin ma- 
terial in elastic modulus, wherein said material is 
comprised mainly of a biodegradable resin, said 30 
method comprising the steps of: 

injecting said biodegradable resin material into 
a mold to form an injection-molded product, and 
irradiating said biodegradable resin material in 35 
the form of the injection-molded product in said 
mold with a microwave. 

3. The method according to claim 1 or 2, wherein said 
biodegradable resin material is irradiated with a mi- 40 
crowave is 1 to 10 minutes. 

4. The method according to claim 1 or 2, wherein said 
biodegradable resin is an aliphatic polyester resin. 

45 

5. The method according to claim 4, wherein said 
aliphatic polyester resin is polylactic acid. 

6. The method according to claim 1 or 2, wherein said 
biodegradable resin material contains an additive 50 
for suppressing hydrolysis. 

7. The method according to claim 6, wherein said ad- 
ditive for suppressing hydrolysis is a carbodiimide 
compound. 55 

8. The method according to claim 7, wherein said ad- 
ditive for suppressing hydrolysis is present in an 



amount of 0.1 to 2.0 % by weight, with regard to the 
weight of said aliphatic polyester resin. 

9. The method according to claim 1 or 2, wherein said 
biodegradable resin material contains mica. 

10. The method according to claim 9, wherein said mica 
is synthetic mica. 

11. The method according to claim 10, wherein said 
synthetic mica is present in an amount of 0.5 to 20.0 
% by weight, with regard to the weight of said bio- 
degradable resin. 

12. The method according to claim 9, wherein said mica 
is natural mica. 

13. The method according to claim 12, wherein said 
natural mica is present in an amount of 5.0 to 20.0 
% by weight, with regard to the weight of said bio- 
degradable resin. 

14. A biodegradable resin composition comprising a bi- 
odegradable resin and natural mica. 

15. The biodegradable resin composition according to 
claim 1 4, wherein said natural mica is agglomerated 
mica obtained by granulation using one of an acrylic 
resin, an epoxy resin : and a urethane resin as a 
binder. 

16. The biodegradable resin composition according to 
claim 1 4, which contains 5.0 to 30.0 % by weight of 
said natural mica. 

17. The biodegradable resin composition according to 
claim 14, wherein said natural mica has an average 
particle diameter of 1 5 to 1 40 \im . 

18. The biodegradable resin composition according to 
claim 14, wherein said biodegradable resin is an 
aliphatic polyester resin. 

19. The biodegradable resin composition according to 
claim 18, wherein said aliphatic polyester resin is 
polylactic acid. 

20. The biodegradable resin composition according to 
claim 14, further comprising an additive for sup- 
pressing hydrolysis of said biodegradable resin. 

21. The biodegradable resin composition according to 
claim 20, wherein said additive for suppressing hy- 
drolysis of said biodegradable resin is a carbodiim- 
ide compound. 

22. The biodegradable resin composition according to 
claim 20, wherein said additive for suppressing hy- 
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drolysis of said biodegradable resin is present in an 
amount of 0.1 to 2.0 % by weight, with regard to the 
weight of said aliphatic polyester resin. 

23. A housing material comprising a biodegradable res- 5 
in composition according to claim 14. 

24. The housing material according to claim 23, where- 
in said biodegradable resin composition further 
comprises an additive for suppressing hydrolysis of 10 
said biodegradable resin. 

25. A method for improving a biodegradable resin ma- 
terial in elastic modulus, wherein said material is 
comprised mainly of a biodegradable resin, 15 

said method comprising a step of adding nat- 
ural mica to said biodegradable resin material. 

26. The method according to claim 25, wherein the ad- 
dition of said natural mica is conducted by kneading 20 
together at 150 to 200°C said biodegradable resin 
material and said natural mica in an amount of 1 0.0 

to 30.0 % by weight, with regard to the weight of 
said biodegradable resin material. 

25 

27. A biodegradable resin composition comprising syn- 
thetic mica as a crystal nucleating agent and an 
aliphatic polyester resin. 

28. The biodegradable resin composition according to so 
claim 27, wherein said synthetic mica is present in 

an amount of 0.5 to 20.0 % by weight, with regard 
to the weight of said aliphatic polyester resin. 

29. The biodegradable resin composition according to 35 
claim 27, wherein said aliphatic polyester resin is 
polylactic acid. 

30. The biodegradable resin composition according to 
claim 27, wherein said synthetic mica is non-swella- 40 
ble synthetic mica. 

31. The biodegradable resin composition according to 
claim 27, wherein said synthetic mica has an aver- 
age particle diameter of 1 to 10 jxm. 45 

32. The biodegradable resin composition according to 
claim 27, further comprising an additive for sup- 
pressing hydrolysis of said biodegradable resin. 

50 

33. The biodegradable resin composition according to 
claim 32, wherein said additive for suppressing hy- 
drolysis of said biodegradable resin is a carbodiim- 
ide compound. 

55 

34. The biodegradable resin composition according to 
claim 32, wherein said additive for suppressing hy- 
drolysis of said biodegradable resin is present in an 



amount of 0.1 to 2.0 % by weight, with regard to the 
weight of said aliphatic polyester resin. 

35. The biodegradable resin composition according to 
claim 27, further comprising natural mica. 

36. The biodegradable resin composition according to 
claim 35, wherein said natural mica is present in an 
amount of 5.0 to 20.0 % by weight, with regard to 
the weight of said aliphatic polyester resin. 

37. A housing material comprising a biodegradable res- 
in composition according to claim 27. 

38. A method for producing a biodegradable resin com- 
position, said method comprising kneading togeth- 
er at 1 50 to 200°C an aliphatic polyester resin and 
synthetic mica in an amount of 0.5 to 20.0 % by 
weight, with regard to the weight of said aliphatic 
polyester resin. 

39. A method for improving a biodegradable resin com- 
position in elastic modulus, wherein said composi- 
tion comprises synthetic mica as a crystal nucleat- 
ing agent and an aliphatic polyester resin, 

said method comprising a step of allowing 
said biodegradable resin composition to stand for 
30 to 1 80 seconds while heating at 80 to 1 30°C. 

40. A method for improving a biodegradable resin com- 
position in elastic modulus, wherein said composi- 
tion comprises synthetic mica as a crystal nucleat- 
ing agent and an aliphatic polyester resin, said 
method comprising the steps of: 

injecting said biodegradable resin composition 
into a mold to form an injection-molded product, 
and 

heating said injection-molded product in said 
mold at 80 to 1 30°C for 30 to 1 80 seconds. 

41. The method according to claim 40, wherein the in- 
ner surface of said mold is heated by radio frequen- 
cy induction heating. 

42. A biodegradable resin composition comprising an 
aliphatic polyester resin, an organic nucleating 
agent, and natural mica. 

43. The biodegradable resin composition according to 
claim 42, wherein said organic nucleating agent is 
at least onecompound selected from the group con- 
sisting of an aliphatic carboxylic acid amide and an 
aliphatic carboxylic acid ester. 

44. The biodegradable resin composition according to 
claim 42, wherein said natural mica is present in an 
amount of 5.0 to 20.0 % by weight, with regard to 
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the weight of said aliphatic polyester resin. 

45. The biodegradable resin composition according to 
claim 42, wherein said organic nucleating agent is 
present in an amount of 0.5 to 5.0 % by weight, with 5 
regard to the weight of said al iphatic polyester resin . 

46. The biodegradable resin composition according to 
claim 42, wherein said aliphatic polyester resin is 
polylactic acid. 10 

47. The biodegradable resin composition according to 
claim 42, further comprising an additive for sup- 
pressing hydrolysis. 

15 

48. The biodegradable resin composition according to 
claim 47, wherein said additive for suppressing hy- 
drolysis is a carbodiimide compound. 

49. The biodegradable resin composition according to 20 
claim 47, wherein said additive for suppressing hy- 
drolysis is present in an amount of 0.1 to 2.0 % by 
weight, with regard to the weight of said aliphatic 
polyester resin. 

25 

50. A housing material comprising a biodegradable res- 
in composition according to claim 42. 

51 . A method for producing a biodegradable resin com- 
position, said method comprising kneading togeth- 
er at 150 to 200°C an aliphatic polyester resin, nat- 
ural mica in an amount of 5.0 to 20.0 % by weight, 
based on the weight of said aliphatic polyester res- 
in, and an organic nucleating agent. 

35 

52. A method for improving a biodegradable resin com- 
position in elastic modulus, wherein said composi- 
tion comprises an aliphatic polyester resin, an or- 
ganic nucleating agent, and natural mica, 

said method comprising a step of allowing 40 
said biodegradable resin composition to stand for 
30 to 1 80 seconds while heating at 80 to 1 30°C. 

53. A method for improving a biodegradable resin com- 
position in elastic modulus, wherein said composi- 45 
tion comprises an aliphatic polyester resin, an or- 
ganic nucleating agent, and natural mica, 

said method comprising the steps of: 

injecting said biodegradable resin composition 50 
into a mold to form an injection-molded product, 
and 

heating said injection-molded product in said 
mold at 80 to 130°C for 30 to 180 seconds. 

55 

54. The method according to claim 53, wherein the in- 
ner surface of said mold is heated by radio frequen- 
cy induction heating. 
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